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1.0 Background: 

In October of 19.89, Randolph & Associates was contracted by Shellar Globe 

Corporation to oversee and assist in---the closure of the Keokuk facility's 

underground storage tank systems. The systems were to be closed and would 

not be replaced. The following is a report drafted for Sheller Globe. It 

summarizes the findings of Randolph & Associates regarding the undersigned 

system closure and the follow up investigation on site. 

1.1 Site History: 

According to available information, the Keokuk facility began operation in 

1904. The site has been used for the manufacturing of rubber and related 

products for the period. The plant currently produce~ weather stripping 

for automobiles as well as related vinyl products. 

The site is located off Rt. 218 on the west end of the town of Keokuk, 

Iowa. The use of the area around the facility is varied. To the east is a 

residential area. The facility is then bounded by commercial properties 

including hotels, service stations and restaurants. To the immediate south 

of the facility, on company property, is a moderately sized lake. A sketch 

of the surrounding area is included in Appendix A (fig. 1). 
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1. 2 GEOLOGY I HYDROGEOLOGY I TOPOGRAPHY 

A topographic map of the site area is included in Appendix A (fig. 2h"-

The likely geology of the area consists of unconsolidated alluvia deposits 

containing numerous buried channel and alluvial aquifers overlying 

Mississipian Aquifer deposits. These channels act as drains to the major 

acquifers. The Mississipian and Devonian-Mississipian aquifers are 

extensively developed for both commericial and domestic use. 

The unconsolidated overlying materials 

groundwater contamination in this area 
-

migration is feasible .. Domestic wells 

_.--.r-/ 
and their characteristics.r-make 

a distinct ~ensive plume 

in the area are likely tapped into 

the relatively shallow aquifers and as such, are sqbject to possible 

contamination. 

A profile sketch of the likely stratigraphic detail of the site area is 

included in Appendix A (fig. 3). 

1.3 Site Assessment: 

The underground storage system was located to the immediate north of the 

chemical mixing and hazardous materials storage building. The chemical 

building lies to the south of the main plant buildings. An active railroad 

services the plant and the tracks run between the main plant and the 

chemical building (fig. 1.1). 



I 
I 
I 
I 
I 
I ,, 
I 
I 
I 
I 
I 
j 

I 
'I 
:I. 
,I' 
~t 
; 

;I 

The underground storage system consisted of five tanks and related piping. 

The tanks were arranged as shown in figure (1.2). The piping for the 

system consisted of a double run (one abandoned) of 2 inch pipe from the 

south end of the manufacturing facility to the tank cluster. Piping also 

ran from the chemical building to the cluster. 

The following table illustrates the layout of the system. 

Tank No. Gallons 

1 6000 

2 300 

3 1500 

4 1500 

5 4000 

*Methyl Ethyl Ketone 

Year 

Plac·ed 

1980 

1966 

1971 

"1971 

1971 

Table 1.1 

Material Construction 

Stored 

Toluene Steel 

Hexane Steel 

MEK* Steel 

MEK* Steel 

Methylene 

Chloride Steel 

Last 

Used 

'89 

'76 

'80 

'85 

'86 
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2.0 Investigation 

After a preliminary walk over of the site, excavation of the tanks began. 

The excavated soils were placed on plastic in an areas designated for 

temporary storage. As the excavation proceed~d, strong product odors were 

noticeable. The tanks were excavated and removed in order from west to 

east. When the first tank was removed, visibly contaminated liquids became 

noticeable as they seeped into the excavation. The liquids were pumped 

from the excavation into an above ground tank for temporary storage. 

Samples of the liquid were taken for analytical evaluation. The liquids 

seeped into the excavation as each of the five tanks were removed and were 

continuously pumped as they appeared. 

The following table documents the conditiori· of each tank as they were 

removed: 

Tank No Gallons 

1 6000 

2 300 

Condition 

Corrosion, 

some pitting 

Table 2.1 

Date Pulled 

10/12/89 

Heavy Corrosion 10/12/89 

Pitting, Leaking Visibly 

Comments 

Known Leaker 

Overall Poor 

Condition, Known 

Leaker 
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3 1500 

4 1500 

5 4000 

Table 2.1 (continued) 

Heavy Corrosion 10/12/89 

Pitting, liquids flowing 

from holes 

Some Corrosion 

little pitting, no 

visible holes 

Little Corrosion 

No Visible Holes 

10/13/89 

10/13/89 

Poor Condition, 

Known Heavy 

Leaker 

Good Overall 

Condition 

Good Overall 

Condition 

Pictures taken of the tanks to docUIIlent their condition are presented in 

Appendix D. 

2.1 Pipeline 

An investigation of the piping system was performed by advancing soil 

borings at 20 feet intervals along the length of the pipeline. The borings 

were advanced to a depth 2 feet below the level of the pipes. An HNU 

reading was then taken through the auger. Two sets of pipes were found at 

the site. One had been abandoned in place prior to 1980 and was known to 

have been leaking. 
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!he following table illustrates the HNU values recorded at each interval. 

Boring 

Table 2.2 

Pipeline Investigation 

HNU 

(Starting from manufacturing 

building to tank excavation) 

Reading in ppm 

1 . 

2 

3 

4 

> (Combined between 

R.R. Tracks) 

N/A 

525 

N/A 

Couunents 

Skipped too close 

to electric lines 

Free product 

3' gravel fill 

strong odor 

Hit buried R.R. tie 

could not advance 
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Table 2.2 (continued) 

I 
:I ~"""' 

5 20 Gravel and clay 

:I fill, change auger 

and rinse stopper 

-a 
.• 

I 
:.1 6 60 Gravel, clay fill 

3" asphalt 

:J 

•• 
7 160 4" concrete, grave-l 

clay fill 

_I 
8 225 " 

I 
9 400 " ·a 

l .> 

I 10 65 " 

~I 11 72 " 

I 
I 
;I 

I 
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2.2 Tank Cluster 

Four-4 inch monitoring wells were installed on the site in the lo.~ations 

shown in figure 2.1. The wells were located and installed under the 

direction and supervision of the Shellar Globe Corporate environmental· 

representative on site. 

The diagrams detailing well construction are given in Appendix E. The 

borings were continuously sampled as they were advanced using a split spoon 

sampling device. ·As the borings were advanced, strong odors were -

noticeable coming from the auger stems. 

One of the three wells (well no. 2), produced water immediately and samples 

were taken for later analytical evaluation .. 

A sample retrieved from the 16-18' depth level of well number 3 had a 

strong odor and a reading of 725 ppm recorded on the photoionization 

device. This depth was found to be synonomou~ with the previous ground 

surface, before fill was placed on the site . 

3.0 Iowa Department of Natural Resources Summary of Regulations regarding 

underground storage. 

~I 
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3.1 Closure: 

The procedure for cl~sure of an underground system consists of the 

following: 

Empty and clean tanks (remove all sludges and liquids), including the 

draining of all lines. A site assessment to determine the presence of 

contamination is then performed in accordance with low~ D.N.R. 

regulations. In selecting sample types, locations and methods 

consideration is given to closure method (vapor, soil, or groundwater), 
• 

nature of substance stored in system, and type and depth of back fill . 

A report is to be submitted to DNR on methods of assessment including 

site plans, depth to bottom of tanks, sampling locations sample depth, 

analytical results, soil types, ·.excavation depths, substances stored and 

the registration tag numbers. 

Yhen contaminated soils, contaminated groundwater or free product 

(liquid or vapor) is discovered, DNR is to be notified within 24 hours 

and corrective action begun. 

3.2 Tank Disposal: 

The removed tanks can be properly disposed of by reusing the tanks in a 

manner other than regulated a UST, disposal at a salvage operation or 

permitted sanitary landfill under special waste authorization. 
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permeability of the materials on site gives indication of extensive plume 

migration. Lab results from the sample retrieved at boring 3, 16-18' 

depth, showed extremely high levels of toluene contamination~ Seepage onto 

the excavation showed high levels of contamination from s~veral solvent 

constituents. It can therefore be assumed that contamination has traveled 

into a position that could affect groundwater quality in the area. 

Attached in Appendix C are copies of groundwater chemistry information for 

each of the chemical constituents found in quantity on the site. 

It is recommended that an in-depth investigation of the entire site be 

initiated as soon as practical to determine the extent of plume migration 

and to develop the required Corrective Action Plan (CAP). This 

investigation would entail soil borings, monitoring well installations, and 

laboratory analysis of samples recovered. ~11 details of investigation 

planning and implementation must be··. submitted to and approved by Iowa 

D.N.R. 

4.1 Follow~ Investigation 

An in-depth investigation should be conducted on the Shellar-Globe site as 

soon as practical. The investigation would attempt to identify the extents 

of contaminate migration and the impacts on the local groundwater. A study 

of area groundwater use and the immediate possible impacts from the leakage 

would allow an analysis of any health threats. 
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APPENDIX A 

SITE DIAGRAMS, HYDROGEOLOGIC AND TOPOGRAPHIC MAPS 
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The bedrock hydrogeologic map (fig. • ) shows the aquifers and 

aquicludes that make up the bedrock surface In . southeaslem Iowa. 
The Devonian aquifer Is the first bedrock encountered In part of the 
northcnstca·n comer of the area. '111e Mississippian aquifer Jles be­
neath the surficial deposits In about one-half of the area. An aqui­
clude consisting of the Upper Devonian and lowest Mississippian 
a·ocks occur near the surface In the Mississippi River and Iowa River 
vall'eys. Pennsylvanian rocks comprise the bedrock sul'face in the 

southwest and west, and outlying patches of Pennsylvanian are en­
countered over much of the area. 

The Cambrian-Ordovician aquifer and the aquiclude which over­
lies It are not at the bedrock surface anywhere In southeastern Iowa. 
TI1e Cambrian-Ordovician aquifer Is quite deeply buried. Its location 
with respect to the other units Is shown on figure . 'All the units 
are roughly parallel to each other and dip (slope) toward the south­
west (fig. ) • 

· ~!:!, ,. 

SURFICIAL AQUIFER SKUNr RIVER 
1000' PENNSYLVANIAN ROCKS 1000' 

.. ' '"'~1~ .. . , . 1 
500'-.-.,:-.~ ..... ~t~~~l~1tt~Jt*olif;$f~f~~i·MISSISSIPPIAN ~- ~ SOO' 

1500'-t--.;.._...;... ___ ..;._ __ ;___;__:..._ 

2000' 1500' 

I ---------------.----------------------------------- I 2500 PRECAMBRIAN ROCKS - 2000 2500
1 

NORTH SKUNK 

·'' !>' 

, · 

I ; . 
::. . 

------ -p-;~~;~: -R:;s--- --------- ------------ -::-rzooo. T --------------- . 
2500' 2500 

0 101111111 Vertical Exaggeration appraxlmalely X30 

SCALE 

Figure -Hydrogeologic cross sections 
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APPENDIX B 

IOWA DEPARTMENT OF NATURAL RESOURCES 

REGULATIONS REGARDING CLOSURE AND REPORTING OF CONTAMINATION 

-· 
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'lAC 7 t'l:!/89 En1 ironrr ~ntal Prot~~o:tion[S6 il Ch 133.j'.l 

C" iAPTER 132 
TRANSP >r 'ATION JF F ~DIOACTIVE MATERIALS IN IOWA 

IPn• 10 ~: 1 13. DEO <:11 ":) 

IPnor It' • ),116, • a1rr, "" aiiCI ~ •"c \\;a~c~M~~IIIIIIlll 

S67-13l.l(4SSB) T ~ upot ad >n .,r radioactive m:uerials. AIL carriers of radioactive 
materials which ar• u !n ;po•. J; :ro· s rhe state or Iowa b)' hiahway a nd which are requirtd to 
be labeled .. Radio; .c· "' Y c 'w II .. by the United States Department or Transportation in 49 
CFR 172.403(d) r. u ~ • ~ni' th• str .e of lowa prior to movement in Iowa in accordance with 
the rules or the lr "' 1 .:ep rtm nt Jf Transportation. 

(Note: The De ar 1 a··nt ~r 1 :a· porta don has not yet adopted those rules [on this subject); 
so the notificatit. I r ql ir; ner w .l not be errective until the Iowa Department or Transporta­
tion's rules are ' f( :th·• ) 

This rule is ir. t :1er tJ ,r ,Jel &cnt Jowa Code sections 4SSB.332 and 4558.333. 
[Filet' ~. l6t u. ' .ict 4/16180-publishcd 10/15180. effective 11/19/801 

Toed ·m 'l nc) 613183-publishcd 61221~3. tft'cctiv.: 7/J/83) 
r il j t a'lt' ,t .r:y l/14/86-published 12/3186, et'fectivc: 1~/3/861 

CHAPTER 133 
RULES FOR DETER~tlNlSG 

. .r. -\N' ' A.CTIONS AND RESPONSIBLE PARTIES 

567-lJ: 1 • ,p :ss ~) . ICOpt. 
133. H ) : ;. : r .es ' tabJ sh r he procedures and criteria th~ depart m.:nt will usc: to dc:t~r· 

mine tr. a . .. :~ ~ Jns: Jle a &d, lean up actions ne~.;essary to ml!c:t the: ~oals ot' the: state: p~r· 
taininy J • : r• .t ion' f th· grCJundwater. These :ules pertain to the clennup of ~round water 
itself M' ,, i', :1 sur! .ce :net where gro,undw uer may be: impacrecJ. Thc:y m:l>' also b~ 
used .; • ,ir '' :s '1 otr ~r t vironmental protet:t i ;n acth ities authorizt:d by Iowa Cod~ ~hap· 
ter 4~ _; i ~ re ~ec: ic deral or state progr .ms or t'u.nds c:xist to address siruationll that 
are : .s > •. ,, e• 'Y ne ules, the rules anr standards of the specific program~ or funds 
wil' be : t • .1 ·~ .1c uti z.r d to achieve an er ..litable, expeditious and environmentally l!Ounci 
res ·h.' ·n t.'\t pardct ar :ontaminatior · .tuation. These rules apply specifically to point 
so t' ~ .ll ~nation c ~Jy. 

1: ~ ·hese rule! apply speci fie· .tly · .> dean up a~:tions required to a bat~, pr~ .. ~m or 
rr:ml . t ? hazardous ..:ondition, the · rc:st> .ce oi a hazardous substance or wast~. the rel~asc: 
· ·; ; ~J~ated substan~c:. or the disc' .arg . of a pollutant as thos~ terms are d~tincd in Iowa 
..;c :! .apter 455B . 

• t .1(3) These rules shall not iirJ·. th: department's authority to require remedial or ;mev~n· 
t·.ati : action, or to take remedial or p• :v ·ntath·e action, ~ net:~ssary to protect the public health. 
;r ~environment, or the quality of J! ;'e. The department will make its evaluation on a case-by· 
-.ase basis, considering site charac1:ris ics; and where: more than one contaminant i.s pre!lent 
or there is no established ~crion level. will consider tht to.'dciry. mobility and persistence of 
contaminants involved. The evaluation may includt the potential s)·nergistic, antagonistit:, 
Or cumulative effeCtS or the COntaminants involved in a p:uticular \!aS!!. 

133.1(4) Persons subject to these rules retain all applicable appeal rights provid~d in Io'ol.·a 
Code chapter 4SSB . 

S67-133.l(455B,455E) Definitions. 
••Action ltvel" means, for any contaminant, the HAL. if one exists: if there is no HAL. 

then the NRL, if one exists: if there is no HAL or NRL, then the MCL. lf there is no HAl.. 
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Ch 133. o.1 En' ironmental Pro:t.:tion(S6 i] lAC i • 1~ ; 89 

NRL. or MCL, an action level m·a)· be establish~d by the dc:partmc:nt b:1sc:d on ~urrtnt t~chni· 
callilerature and recommended guidelines of EPA and reco1nized experts, on a case-by-case 
basis. 

"A(tivt cltanup" means removal, treatment. or isolation of a contaminant from around· 
water or associated environment throueh the directed efforts of humans. 

••Aggravared risk" means a contamination situarion which presents a potentially catastrophic 
or an immtdiatc and substantial risk or harm to human life or health or to the environment. 
Examples inc:lude exposure of humans, animals or the rood chain to acutely toxic substances, 
contamination of :1 drinkin& water supply, threat of fire or explosion. or similar situations. 

"Background .. means groundwater quality unaffected by human ac:tivities, and gentrally 
shall be determined by historical data of the aeoloaical services bureau or orher iOvernm~nt 
agencies for the type of aquifer or location involved in a ai•;en case. If available data is not 
adequate, background may be established by sroundwater samples upgradient of a source or 
potential source of a substance which is dc:tec:ted in or has a reasonable probability or ~nt~ring 
the aroundwat~r. 

"Best Qvailablt re~hnology" means those process~s whh:h most c:ffec:tively rtmove. treat, 
or isolate contaminants from groundwater or associated environment, as determined throu,h 
proressional judgment considering actual equipment or techniques currently in use. published 
technical articles and research resultS, engin~ring reference materials, consultation with known 
experts in the field, and guidelines or rules of other regulatory agencies. 

"Best management prartices" means maintenance procedures. schedul~s of activities, pro· 
hibition of practices, and other management practices, or a combination thereof. which, after 
problem assessment and evaluation of alternatives is determined to be the most efrective means 
of preventin& or abating contamination at a location. 

"Contaminant" means any chemical. ion, radionuclide, synthetic organic compound, 
microorganism, waste or other substance . .which does not occur naturally in groundwater or 
which occurs naturally at a lower concentraiion. and includes all hazardous substances as defined 
in 42 U .S.C. 9601. and any element, compound. mixture, solution or substance designated 
pursuant to 40· CFR 302.4 as of September 13, 1988. 

"Ciroundwocer" means any water ·of the state as defined in Iowa Code section 45SB.lil 
which occurs beneath the surface of the earth in a· saturated geologic formation of rock. or soil. 

"HAL" means a lifetime health advisory level for a contaminant, established by rhe United 
States Environmental Protection Agency CEP A). Health advisories represent the concentra· 
tion of a single contaminant, based on current toxkological information, in drinking water 
which is not expected to cause adverse health effects over lifetime exposure. 
· "MCL" means the enforceable maximum contaminant levd est3blished by the EPA pur· 

suant to the Safe Drinking Water Act . 
''NRL" means the negligible risk level for carcino,ens established by the EPA. which is 

an estimate of one additional cancer case per million people exposed over a lifetime to the 
contaminant (1 x 10-ll), 

''Passive cleanup" means the removal or treatment of a contaminant in groundwater. or 
assoc:i2.ted environment, through management practices or the construction of barriers, trenches 
and other similar rac:ilities for p:evention of contamination, as well as the us~ or natural processes 
such as groundwater recharge, natural decay and chemical or biological decomposition. 

"Point sou ret" me:1ns any building, structure. install>ltion. equipment, pipe or piptline 
(including any pipe into a sewer or publicly owned treatment works), well. pit, pond. lagoon. 
impoundment, ditch, landfill, storage container, mo~or vehicle. rolling stock, or aircraft. or 
any site or area where a contaminant has been deposited, stored, disposed of, or placed, or 
otherwise come to be located. 

"Prevemarive" or "prevention" refers, in the context of these rules. to actions or effons 
to minimize or stop further contamination in a situation wh~re contamination already exists · 
or is imminent. 
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"R~mtdial action plan" means ~ written report which includes all rcl~vant in formation. 
rindings. and conclusions from a site assessm~nt. inc:luding all analytical results and id~ntifi­
cation of contaminant migration pathwa)·s: identification and ~valuation of dc:anup alterna­
tives, inc:luding both active and pauive measures usins best avnil3blt tc:~o:hnoloar and best 
management practices: a recommended cleanup action or combin:uion of action. including 
identification or expected cle:mup levels consistent with the dean up aoal or 133 .4(3) "h "; a 
monitorina network and schedule to document cleanup levels: and a proposed ~chedule of 
implementation. 

"Responsible person" means an>· person who is legall~·Jiable for the .:ontamination in question 
or who is legal))· responsible for abating contamination under any .lpplicablc law. indutlina 
Iowa Code chapters .ass a and 4SSE. and the common law. This may indude the person caus· 
ing. allowina or otherwise partic:ipatina in the activities or events which cause the contamina­
tion, persons who have failed to conduct their activities so as 10 pre-vent the r~lease of 
contaminants into groundw~ter. propert)' owners who arc obli~ated 10 a bare 11 ~:ondition. or 
persons responsible for or successor to such p~rsons. 

"Significant risk" me~ns: 
I. The presence in groundwater of a contaminant in excess of an action level: 
2. The presence of a contaminant in the soils. surface water. or oth~r ~n\· ironment in prox· 

imity to groundwater which may reasonably be expected to contaminar~ the groundwater to 
an action level; or · 

3. The presence of a contaminant or contaminants in the groundwater. or in the soils, sur­
face water or other environment in proximity of groundwater which may be expected to con· 
taminate groundwater in quantiti~. concentrations. or combinations which rna~· signifi~antly 
ad\'ersely impa::t the public: health, safety. environment. or quality of life. This criterion would 
normally be applied where there is no established· action level or where combinations of more 
than one contaminant are present. 

''Site assessment plan" means a written proposal for study of a contamin:ltion situation 
to determine the types, amounts. and sources of contaminants present. h~·drogeologit:al ~ha:-:1c· 
tel'istics of the site, and the venical and horizontal extent of contamin:nion. with 3 goal or 
developing an adequate remedial action plan. The proposal must include: recommendations 
for collection of relevant histurical data such as site management practices. inventory records. 
literature searches, photographs and personal interviews: a methodolog)' ior obtaining ground· 
water now information including well placements. construction and elevation. bore logs. static 
groundwater table measurements, groundwater elev:uions. groundwater gradients (isopleth). 
and information on soil tr:msmissivity. porosity and perme:lbility: and a mc:rhodology t'or idcn· 
tifying con:aminant plumes, including additional monitoring wells to identify th~ horizontal 
and vertical extent ot' contamination. a site plot showing the estimated configuration of con· 
ta:nination. and a sampling schedule and list of constituents to be anal)'Zed. The plan 
development may require preliminary field investigations . 

567-133.3(455B,45S£) Documentation of contamination and source. 
133.3{1) Sampling and ana/yrical procedures. Unless rules for specific programs under 

USEPA or department authority provide otherwise. or unless other methods are approved 
by the department for a specific situation, samples tak!!r. and analyses made to document ~en· 
tamination or c:leanup levels under this chapter shall be conducted in accordance '¥ith the fol· 
lowing: . 

a. Samples. "A Compendium of Superfund Field Operations Methods." US EPA. Office 
of Emergency and Remedial Response. Washington, D.C. 20460 (EPA/!40/P-871001. OSWER 
Directive 93.SS.O-l4t December. 1987). 

b. Analyses. ''Test M~thods for Evaluation of Solid Waste, Ph>·sical-Chemical Mc:thods 
(SW-846)," USEPA, Third Edition. November 1986. as revised through December 19&3. Until 
the department adopts :-ul~s r~garding c:~:rtification of laboratories, analyses shall be conduct-
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:d at a laboratory rh:u certitie$ tfo) the department th~t the apprupri~te analytkal pro~c:uur~ 
~utilized, or a laboratory whi~h ha.s been appro\ed under EPA'!~ 'contr~~~ Laboratory Pro· 
;ram. Upon adoption of rules by the: department rcgardini certification of labor~torics. all 
.1nalyses shilll be made at~ ~c:rtific:d laboratory. The parties, both the department ant! person 
·esponsible for irwestisaring, shall have the opportunity to \plit ~amplc:s for ind~penuent ar.al· 
;sis, and where appropriate :1 'ample portion shall be retained for a reasonable pc:riod of time 
·'or possible reanal)·sis. 

tJJ.JC!l Departmtnt tltttrminurion of L'Ontamination. When the: department rcc~i\-tS or 
Jbtains evidence of iroundwatc:r ~ontamin:uion or the: rc:le:~.sc: or presc:ncc of ~ontaminants 
n the environment as)ociatc:d \\ith groundwater. where contamination of the groundwater 

·nay reasonably be expr:l!ted, the d~panment )hall make reasonable efforts to document the 
•Ource of ~ontamimuion, and shall require responsible persons tfo) take appropriat~ prev~nta· 
:ive, in\'tStigtltOr)· ~nd remcedial a,;tions. E\idence &.>f \!Ont3mination may indud~ but is not 
limited to the t'ollowing: 

tJ. Wat~r s:1mpl~11 andh::nin~ the prc:11r:n~~ of ;1 ~ontamin:1nt at l(nds above b:u.:kground. 
b. Soil or 'iurf:lcc water sampl~!l mdi~atinte rhr: prc~c:n~~ ~~a r.:ontanlinant :u ltvcels :1bov~ 

O:lckground, whc:r( reltas~ to the: };roundwat~r is li~d)'. 
c. f\nown rci(as~s or ~ontaminants into the environment in quantities and locations that 

;ould reasonably be expected to cause groundwater ~ontamination. 
d. Other events that the -.c.i~partmc:nt determines could potentially c~usc: groundwat~r ~on­

:amination. 
The amount and t)·pc: or' ~vidence nc:~c:ssary to document contamination or potential r.:on· 

[amination will van· with the cin:umstan~:-:) oi each ~ase, including the amount and typ~ of 
.:cnt~minant involved. site topograph>· and geclo~:k conditions. and potc:ntial adverse effects. 
Sormal!r. a reasonable numb~r of water and soil.. samples will be: taken or analyses obtained 
by the department. Hcwevtr, whc:rc: a si~niticant quantity of cont:lminants is known to have 
been released into the environment, for example from a spill, which t:ould reach groundwater, 
the department is not required ro I!O!lect sampl~s. 

lJJ.J<J> Deparrmenr determination of source. The department .shall det!!rminc whether 
the contamination is or likely wa~ t:aused by a particular source or sources, for example a 
known spill of eontaminants fo)r current or past facilities or activities in the \'icinity which in· 
\ olved produc:s or substan~es whh:h ..:ould be a likely source. 1 f no such person or event can 
be identified, the dcparun~nt .;hall make re~sonable efforts to determine whether thc:r~ is a 
relatively restricted ar~a of more concentrated contaminants in the vil!inity which is or is likely 
to be a source or' the ~ontamination. This subrule does not require the department to iden:ify 
a specific person or persons responsible: for the ~:ontamination, but to determine whether the 
.:ontamination has or has likel>· co:ne from a relati\·ely defined source. 

1J3.J(4) Determination of responsible persons. Where a source or likel)' source or con· 
tamint.tion is identified. the: person or persons responsible for that source or sources shall~.:on· 
d4ct necessary prevcnt:nh·e, investigatory and remedial actions. · 

a. Identification. The persons responsible or potentially responsible initially shall be iden· 
lied by the department through such measures as on-site observations; interviews with wit· · 
.:sses and local officials; review of public records, including department files; and int~rvi~ws 
ith or information obtainc:cJ from potentially responsible persons. Where there ma)' b~ more 
tan one source. or the source is otherwise not conclusivc:ly identified, persons who handle 
r have handled materials or w:btt"s in the vicinity of the contamination, which could be the 
>urce, shall investigate and pro\'ide information satisfactory to the department to ~ontirm 
r disaffirm that their acth·ities are a source of the contamination. investigation by the respon· 

·ible or potentially responsible person may include inspection of inventory or other records, 
and soil and groundwattr monitoring to better define the source. Such monitoring shall con­
form to the requirements of 133.4(3}"a," provided that a full-scale assessment may not be 
reqwred for this purpose. 
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b. Notification. The departm~nr shall notify in wricina rht !'(nons detcrmintd rtsponsiblc -
under the above procedures. and in~lude a brief natem~nt of the ra~ts upon \~hich the depart· 
mcnt concluded that they are responsible, ~nd the actions required; pro\'it1ed rh~t . where im· 
mediat~ action is necessary. \'erbaJ notification may be given. followed up with writt~n 
notification. The persons notified rria)' p·ro\'ide informacion disputing or supplementing the 
information relied on by the department, ~hh.:h shilll be considered br the: department. 

c. Responsible persons may bt joinrly and ~vcrally liable. and the d~partmtnt is n\)t re. 
quired to name all potentially responsibl~ partits in dir~ctina rtspon~ive action~ to contami· 
nation. 

S67-133.4(4SSB,4SSF.) Response to cont:amin;ation. 
133.4( I) Prtvtntion of jllrrher ,·ontomination. In 311 case~ where an acti\t sour~:~ or \!On· 

tamination i~ identified, ~u~h :u leakina tanks or curr~nt pra~th:es. '~hh:h may be readily cor· 
rected. the source shall be rc:mo\·ed, repairced or otherwise i:onrained. or the: ~:ontilminatina 
practices ceased. immediately upon discovery or the source. In at1dhion. rc:3dily ac~essiblt 
tontaminants, for e~ample conc:entratrd contaminants ,pilled on ths: ground or acctssiblt 
through a recovery well or system. shall be promptly r~move" to avoid or minimile furrh~r 
contamination in rhe iroundw:u~r. 

133.4(2) Aggravated risk. \\'h~re the contamination pr~!'ltnts an aggra\'atcd ri~k. the pre\·en­
tati\'e, investigatory and remedial measures provided in subrules 133.4(1) and 133.·H3) .;hall 
be e~pedited to remove such risk. In addition, the followina actions ~hall be taken b~· the 
responsible parties. if necessary, ro protect the public: health or cn,·ironmcnt: 

a. Providina alternate water ~upplies. . 
b. Installing security t'encing or other measures to limit a.cc:e!\s. 
c. ·Extraordinary measures to ~ontrol the source or release. 
d. Removal of hazardous substances to an approved site for stora~e. tre:umc:m or t1ispo!\al. 
e. Plaeina physical barriers to deter rhe spread of the release. 
f. Recommending to appropriate authorities the evacuation of rhrc~t~nc:d individuals. 
g. Using other materials to restrain the !ipread of th~ cont:lminant or to mitig.ate irs ~:fl'~~ts. 
h. Exe:uting damage control or salvage operations. 
133.4(3) Significanr risk. In cases of significant risk, . the following investigatory and 

remedial measures shall be implemented: 
a. Investigation. The responsible party shall determine the extent and kvc=ls of Cl.)ntamin:l· 

tion through a site assessment ~onducted under the sup~:rvision of a registered profcssion611 
engineer, D.n expert in the field of hydrogeology. or other t.~ualified person. A ~itc: ilssc:ssment 
plan shall be submitted to the department within 45 da;·s of notice by the: d~partment, unl~'\s 
a shorter time is requited or a longer tim~ is authorized by the: d~parrmenr. The plan 'ihall 
be approv~d by the department pri\)r to initiation or the assessmc:nt. unl~ss otherwise: appro\~~ 
by the department. The site asse!isment shall be ~onducted within a reasonable time :lnd a 
remedial action plan shall be submitted to. the department, within the time clirec:ted or approvt!d 
by the department. The department may require further investigarion b)' the responsible per· 
son in order to adequately assess the extent ot contamination, ilnd may require the rc:medial 
action plan to be supplemented if necessar)'. 

b. Required cleanup actions. 
( 1) Groundwater. The goal or groundwater cleanup is usc of best a\'ailable tet:hnolog)' and 

best management practices as long as it is reasonable and practical to rc:mo\·e all .:ontaminams . 
and in any event until water contamination remains bc:low the action level for any ..:ontaminanc. 
and the department determines that the contamination is not lik~ly to increase and no longer 
presents a significant risk. Where site conditions and 3\·ailable tc,hnology arc such that 
attainment or these goals would be impractical, the department may establish an alternatiw 
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;lcanup l~vel or levels, ineludina such oth~r conditions a.s will adequately prou~ct the public 
ncalth, safety, envtronmcnt, ind QU1lity or life:. 

(2) Other. Where sianificant amounts or contaminants arc documented u bein1 prc~cm 
in th~ soils or other environment, such thac,round~·ater contaminauon ts oceurrina or is likely, 
ac:tivc cleanup of the contamanated soils or other environment ~hill be implemented to the 
c~tcnl reasonable and necessary to prevent or minamaze rrieasc to the aroundwatcr; passive 
~lcanup may be allowed an extraordinary circumstanc:s. . 

lll . .U4) Othtr. Where s•anificanc mk is not currently present. the responsible person may 
bt required to monitor the aroundwater and implement reasonable manaaement or other prcvcn· 
cativc musurcs to minimtzr furrher c:ontamanation. · 

567-lJJ.5t.a558 • .&55£l Rcpor1 10 commission. Oepartmcnc actions taken pursuant to thiS 
.:haptcr shall be reported to the ~ommiu•on. 

This .:hapter as intended to amplement Iowa Code section -'~5E.5(5) and Iowa Code .:hapter 
.&~$8, Oi\·tsaon Ill. Part I and Division JV, P&rt .a, 

!Filed 6, ~J, 89. ~ouce J, !l/89-published 1112/89, effective 8/161891 

CHAPTER !).; 
Reserved 

CHAPTER. 135 
... CHNlCAL STANDAR.OS AND CORRECTIVE ACTION R£QUlR£M FOR 

WNERS AND OPERA TORS OF UNCEROROUNO STOAA ANKS 
Jl"nor II ll/)tM, Waur, 1Ut MO. YU&al M~tc:IO)f , 

. . 
567-13!.1(4 Authority, purpose and ·appllcablllry. 

13!.1( 1) A llt ·ry. low a· Code chapter 455 B. divisio • put a, authorizes the depa-rt• 
ment to r.eaulate un round tanlcs us.eci ror stora rcsulated substances, and to adopt 
rules rela.tin' to detectio or releases of reiulated subst•nces from 
such tanks. maintenance o anci&l respons· 1ty by owners or operators of such t•nks. new 
tanlc performance standards, n 'ce and orting requirements, and designation or resulated 
substa-nces. 

lJ!.l(l) P'Wrpost. The purp r r.,. t)¢ ·ules is to protca the public health a.nd safety 
and the natural rc:sourc= of lo by ti ,, .1r • .:i appropriate det~tion, prevention and corre'· 
tion of relea.ses of resulat ubstanees m uncer&round storaae tanks tUSTI • 

tJ5.1(3) Applic:bilitY. 
a. The requirement! this chapter a~~ly t I owners ancl operators o( a UST system u 

defined in 135.2(455 except a.s other~•;t pro\' ed in pa.ra,raphs "b." "c, .. a.nc1 "d"• o( 
this subrulc. Any T system listed in puaaraph "of this subrulc must meet the require­
menu ot 13,.1(4 

b. The foUo ne L'ST systems are cxcludecl from th "equiremcnu or . tnis chapter: 
{l) Any U system holdini huarc1ous wastes listea or c:ntifi~ under Subtitle C orr~· 

Solid Wast . powAc:l. or a mixture of such hua.rdous wa.stc d other rqul.alcd subsw\~: · 
(2) wutewatcr treatment tank system that is pan of a tewater treatment (a.cill::y 

rquat under Section 402 or 307(b) of the feaeral Clean Water ct. 
(3) qu.ipmcnc or machinery that contains regulated substanCe$ Co perationaJ purposes 

such nyd:aullc: lift ta.nlts and clC"Ctrica.l equipment tanks. 
· ( Any UST system whose capacity is 110 iallon.s or l~. 

) Any UST system that contains a de minimus conccntr&tion of reg.ulat substances. 
6) Any· c~eriency spill or O\'erflow containment UST system thlt is upeditio~,; 

a er usc. 
c. Deferrals/ Rules l35.J(4S5B), l3$.4{4S5Bl. t3~.5(4S5a), 13S.6(4S!B) uc 135.8( 

o f'Ot apply to any of the followins t~ of UST systems: 
- · - -- ---- .... -· ... _ ....... ~ .. ·--·· 
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· · c~ Writtea doaamencation·of·all· calibration; maintmance. ancf repair or release detection 
~wpmen! permanently located on-site must be maintained ror at least one year after the servic· 
ana wort lS completed. or for another reasonable time period determined by the department. 
Any schedules of required calibration and maantenancc provided by the release detection equip­
ment manufacturer must be retained for five years from the date of installation. 

567-135.6(4558) Relnse reportlnJ, in•estlaalJoa, and connrmatlon. 
13!.6(1) RtpOninr of :SUSP«trd r?lmsa. Ownm and operators or UST systems must report 

tO the department within 24 hours, or within 6 hours in accordance with 567 -Chapter 131 
if a hazardous condition exisu as defined in 567-131.1(•558), or another reasonable time 

.. - period specified by the department. and follow the procedures in 135.6(3) for any of the fol­
lowina condiuons: 

11. The discovery by owners and operators or other or released re;ulated substances at the 
UST site or in the \urroundina area 1such as the presence of free product or vapors in soils. 
basements, sewer and utility lines, and nearby surface water). 

b. Unusual operauna conditions observed by owners and operators (such as the erratic 
behavior of product dispensina equipment. the sudden loss of product from the UST system, 
Of an unexplained presence of water in the tank). unless system equipment is round lObe deftc• 
rive but not leakina. and is immediately repaired or replaced: and 

c. ~onitorina results from a release detection method required under 135.5(2) and 135.5(3) 
that indicate a release may have occurred unless: . . . 

(II The monitorina dl\ice is found to be defective. and is immedaately repaared, rec:ahbrated 
or replaced, and additional monitorina does not confirm the initial result; or . . . 

f2) In the case oi in\·cntorv c.'Ontrol. a second month of data does not confirm the snauaJ result • 
. - IJ5.6Cll ln\·estigation d~e ro off-site impacts. When required by the depar:me!'t· owners 

and operators of UST ~>·stems must follow the procedures in 135.6(3) to determme 1f the UST 
system is the source of off·site impacts. These impac:u inc:Jude the discovery or regulated sub· 
\tances 1such as the presence of free product or vapors in soils. basemenu, sewer and utility 
lines. and nearby surface and drinkin& waters) that has been observed by the department or 
brouiht to its anention bv another party. 

IJS.6CJ) Rrlras' in,·nii,ation and confirmation st,ps. Unless correaive action is initiated 
in accordance ~·ith rule 135.7(45$8), owners and operators must immediately investigate and 
~ontirm all suspc~:ted releases of resulated substances requirina reponina under 135.6(1) with• 
1n \C\'en da\'S, or another re:uonablc time period specified by the del)anment, usina either 
the foUo"w1n1 steps or another procedure approved by the department: ·· 

a. S:"s~rm tnt. Owners and operators must conduc:t tesu (acc:ordina to the requiremenu 
for tilhtness restina in IJ5.,(4) '"c" and 135.5C5l"b") that determine whether a leak exists in 

r- that !)Onion of the tank that routinely .:ontains product, or the auached delivery pipina, or both. 
r I l Owners and operators must repair. replace or uppde the UST system, and bqin cor· 

rec.'t1ve action in accordance with rule 135. 7(4558) if the test results for the system, tank, or 
delivery pipina indicate that a leak exisu. 

r:l Further investiaat.ion is not required if the lest results for the system, tank. and delivery 
pipina cnrnot indiate thm a leak exists and if environmental contamination is not the basis 
Cor susPectina a release. 

(3) Owners and operators must conduct a site check as described in paraJtaph '"b" of this 
subrule if the test results ror the system, tank. and delivery pipina do not indicate that a leak 
exists but environmental contamination is the basis for suspeaina a release. 

b. s;,, Cll«k. Owners and operators must measure ror the presence or a release where con­
tamination is most likely to be present at the UST site. In selectina sample lYJ)CS, sample 

,-....locations, and measurement methods, owners and operators must consider the nature or the 
· stored substance, the type of initial alarm or cause for suspicion, the type or backfill, the depth 

or Jroundwater, and other factors appropriate for identifyinathe presence and source of the 
release. 

. 
~! 
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(I) If the test reswu for the ucavation zone or tbe UST site indicate that a release hu 
ottUrrtd, ownm and operators mUSl bqin corrective aaion in accoraance with nalt 
135. 7(4,8); 

(l) lf tbt test resulu for tbt excavation zone or the UST site do not indicate that a relc&st 
has occurred, funher investiaation is noc required. 

135.6(4) R~ponilll •ttd CiHitllp of spills •ttd Ot~Vfil/s. 
•· Owners and operators of UST systems mUSl contain and immediately clean up a spill 

or overfill and rcpon to the dcpanment within l4 hours. or wnhin 6 hours in accordance with 
.S67-chapter 131 if a bawdous condition cxisu as defancd in nale 567-131.1(4558), or another 
reasonable time period specified by tbc dcpanment, and bqin corrective aaion in accordan" 
with nalc 135.7(4558) in the followina cases: 
. · ( J) Spill or ovtrfalJ or pcuo&cum that rmalu ill • rclc&R to the mYironman·mar cxccco-./ 
25 aallons or anotbcr reasonable amount specified by the dcpanment. or that causes a sheen 
on nearby surface water; and 
(~ Spi,ll.or overfill or a lw.ardous.l&&buuc.lha&.IIW&u.ift • rcltarao tM'CIIVircmnmtr .. 

that equals or acecds iu rcponable quantity under CEJlCLA (.0 CFJllOl) u of September 
13, 1911. . 

b. Owners and operators of UST systems mUSl contaiD and immediately clcaD up a spill 
or overfill of pcuoleum that is less than 25 &allons or another rcuonabie amount specified 
by the dcpanment, and a spiU or overfill or a ba:Mdous substance lhll is less than the rcpon· 
able quantity. If clcaDup cannot be accomplished within l4 hours. or another reasonable time 
period established by the dcpanrnent, ownm and operators must immediately notify the 
depanment. 

NOTE: Any spiU or overfill that resulu in a hazardous condition as defmed in nal 
lll.l(4.S.SBl must be reponed within 6 hours. A release or a hazardous substance equal tc.-../ 
or in acess of iu reportable quantity must also be reponed immediately (rather than within 
24 hours) to the National Response Center under sections 102 and 103 of the Comprehensive 
Environmental Response, Compensation. and Liability Act of 1980 and to appropriate state 
and local authorities uncier Title 111 or the Superfund Amcndmenu and Reauthorization Act 
or 1986. 

561-135.1(<1!58) ReJeuc rcspoase aad eorncdYe actioa for UST systems eoatalDiaa petro· 
lrum or bazardous subslaaccs. . 

135. 7(1) fAnm:/. Owners and Operators or pcuolcum or hazardous substance UST Systems 
must, in response to a confirmed release from the UST system. comply with the requirements 
of this nalc except for .USTs eJtcluded under 13.5.l(3) .. b .. and UST systems subject to RCRA 
Subtitle C corrective action requirements under section 3004(u) of the Resource Conscrvatior. 
and Recovery Act, as amencied. ....._/ 

135.7Cl) Jnitilll response. Upon confirmation of a release in accordance with 135.6(3) or 
after a release from the UST system is identified in any other manner, owners and operators 
mUSl perform the followin& initial response actions within l4 hours of a release or within another 
reasonable period or time cictcrmined by the dcpanment: 

ll. Rcpon the release to the department (c.J •• by telephone or electronic mail): 
b. Take immediate aaion to prevent any funher release of the rcaulatcc! substance into the 

environment; and 
c. Identify and mitiaate fare. explosion. aod vapor hazards. 
135. 7(3) Jltiti41 •btlrtmtnt mtiiSllres tlltd silt chedc • 

. tl. Unless dircc:ted to do otherwise by the dcpanment, ownm and opcratof'S.olaUSl perform 
the followina abatement measures: -· 

( 1) RanoYe as mucb of the f'CIUlated substance from the UST system as is nc:cssary to prevent ··-
further release to the environment: · 

. • . · ... 
... 



, 
I 
I 
I 

.I 

I 
I 
I 

I 
I 
I 
I 

I 
I 
I 

lAC ·IJ/16188 Environmental Protection(.561J Ch 13.5. p.ZI 

C2) Visually inspect any above1round releases or uposed below·11round releases and pre· 
vent- runher mrJrarion·of' the nlrued'su~tallce into surroundin& soils and around water: 

(3) Continue to monitor and mitiaate any additional rire and safely hazards posed by vapors 
or free product that have miarated from the UST excavation zone and entered into subsurface 
structures (such as sewers or basements): 

(4) Remedy hazards posed by contaminated soils that arc ncavated or exposed as a result 
of release confirmation. site investiaation. abatement. or corrective action activities. Jr these 
remedies include treatment or disposal of soils. the owner and operator must comply " 'ith appli· 
cable state and local requirements: 

(.5) Measure for the presence of a release where contamination is most likely to be present 
at the UST site. unless the presence and source of the release have been confirmed in accordance 

...-. with the site check required by 135.6(J)"b" or the closure site assessment of 13.5.8C31"a." 
In selectina sample types. sample loc:ltions. and measurement methods. the owner and operator 
must consider the nature of the stored substance. the type of backfill. depth to aroundwater 
and otherJactors as appropriate for identifyinJ the presence and source of the release: :1nd 

16) lnvestiaate to determine the possible presence or free product. and beain free product 
removal as soon as practicable and in accordance with 13.5. 7(.51. 

b. Within' 20 days after release contirmation. or within another reasonable periud of time 
determined by the department. owners and operators must submit a report to the department 
summarizinathe initial abatement steps taken under paraaraph ''11" and any resultin& infor· 
mation or data. 

IJS. 714t lmtilll sitt rlta,llrttri:arioll. 
a. Unless directed to do otherwise bv the department. owners and operators must assemble 

information about the site and the naiure of the release. inc:ludin1 information 1aincd while 
-· conftrminlthe release or completinlthe initial abatement measures in IJ.5.'Hll and 13.5.7(~1. 

This anformation must include. but is- not necessarily limited to the following: 
(II Data on the nature and estimated quantity of release: 
121 Data from a\·ailable sourc:es and site investiiations c:oncernina the followina factors: 

surroundina populations. w:lter quality, use and approximate loc:ations or wells. potenti~lly 
affected by the release. subsurfac:e soil conditions. locations of subsurface sewers. chmatolog1c:al 
t:onditions. and land use: 

()) Results of the site check required under 13.5.7CJl"a''(.5); and 
1~1 Results of the free product investiaations required under 13.5. 7(3) "a"(6), to be used by 

owners and operators to determine whether free prociuct must be recovered under 13.5.7(.5). 
b. Within .S5 days of release c:onfirmatil)n or another reasonable pcriod·Of time determined 

by the de~artment. o~·nm and operators must submit the information collected in compliance 
with paraaraph "a" of this subrule to the depanment in a manner that demonstrates its ap. 

r' pliability and technic:al adequacy, or in a format and accordin& to the schedule required by 
, the department. 

135.7(5) Frw pf'Oduct ,moval. At sites where investiJations under 13S.7(3}"a''(6) indicate 
the presence of free product. owners and operators must remove free product to the maximum 
extent practicable as determined by the depanment while c:ontinuin&. as necessary. any actions 
initiated under. 13.5.7(2) to l3S.7(4), or preparina foF aaiom. tequirtd·.under,l3.S.,(6} and " 
IJ.S.7(7}. In meetin& the reQuirements of this subrule. owners and operators must: 

a. Conduct free product removal in a manner that minimizes the spread or contamination 
into previously unc:ontaminated zones by usin& recovery and disposal techniques appropriate 
to the hydroseolofic conditions at the site, and that properly treats, discharses or disposes 
of recovery by-productS in compliance with applicable local. state and federal regulations: 

b. Usc abatement or free product miaration as a minimum objective .for the desi&n of the 
free product removal system: 

r'- c. Handle any flammable productS in a safe and competent manner to prevent fires or t.'tplo­
sions: and 
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d. Unless direaed to do oth~rwisc by the d~panm~nt, prcpar~ and submit to the d~pan· 
mmt, witlwl 4' c1ays afm tonfinnina a r~lcasc, a free product removal repon that provides 
at least the followiq infomwioft: · 

(I) The D&mC of the pcnoll(s) rapons.iblc for implementina th~ free product r~moval 
measures; 

(l) The atimated quantity, I)'J)C, and thicltnas of free product obs~ed or measured in 
wells, boreholes, and excavations; 

(3) Tht type of free product recovery system used; 
(4) WM&h~ any clisc:harae win take place on·sit~ or off·site durin& the r~covery o~ration 

and wh~c this disctwac wiU be located; 
(5) The rype or treatment applied to, and the crnucnt quality cx~ed from, any dischar,· 
(6) The step~ that bavc bcCD or arc bcina taken to obtain ncc:cssary pcnniu for any dischar.. 1 and . ...._, 
(7) The disposition of the recovered free product. 
135. 1C6) IIIW:SiiftllioiU for soil t1nd 1ro•mdwot" d~tlnup. 
a_ lA.ordcr &o O.amint-tht·fuU·emnnmrlcadOit'Oholli c:ontaminatcd't;y· thc rcl~uc 

and the prance and concentrations of dissolved product contamination in the Jroundwatcr, 
owners and operators must conduct investi,ations of the r~lcasc, the release si&c, and the sur· 
roundin& area possibly affected by th~ r~lcasc if any of the followina conditions wst: 

(J) There is evidence that JfQundwucr w~lls bav~ been affeaed by the release (C.J., as found 
durin& rclcasc confirmation or previow corrcaivc action measures); 

(2) Free product is found to need recovery in compliance with 135. 7(5); 
(3) There is evidence that contaminated soils may be in contact with aroundwater (c.a •• as 

found durina conduct ofthc initial response measures or investiaations required under 135.7(1' 
to 13,.7(5); and 

(4) The dcpamncnt requesu an invcstiration, based on the potential effects of contaminat~ 
soil or rroundwater on nearby surface water and aroundwatcr resources. 

b. Owners and operators must submit the information collected tmacr paraarapb "t1" of 
this subrulc as soon as practicable or in accorc1ance with a scheaule established by the 
acpanment. 

135. 1m Co"mivc t1ctio" pltsn. 
tl. At any point alter rcviewin& the information submitted in compliance with 135.7(2) to 

13!.7(4), the ~ent may require owners &Dei operators to submit aciaitional information 
or to acvdop and submit a corrective action plan for respondina to contaminated soils and 
aroundwater. lr a plan is required, owners aD4 o~rators mwt submit the plan accorc1inr 
to a schedule ana format established by the dcpanment. Alternatively, owners and o~rators 
may, after fulfillinJ the rcquircmenu or 135.7(2) tO 135.7(4), choose to submit a corrective 
action plan for responciina to contaminated soil and around water. 1n either ease, owners an 
operators arc responsible for submittinl a plan that proviacs for adequate protection of huma~.__./ 
health and the environment u actcrmincd' by the deparunent, ana mwt modify their plan as 
necessary to meet this stanc1arc1. 

b. The dcpanmcnt will approve the corrective action plan only after ensurin& that implcmcn· 
wion of the plan will adequately protca human bcalth, safeey, and the environment. In makin& 
this determination, the department should cons.iclcr the followina factors as appropriate: 

(1) The physical and chemical characteristics of the rqula1ed substance, ineludin& its toxicity, 
persistence, and potential for miaration; 

(2) The hyciroaeoloJic characteristics of the facility and the surroundina area; 
(3) The proximity, quality, and current and future wcs of nearby surface water and 

aroundwatcr; . ~·; · 

(4) The potential dfec:u of residual contamination on nearby surface water and sroundwatcr 
(S) An exposure assessment; anc1 ......_/ 
(6) Any information a.sscmblcd in compliance with this rule. 

.:· .·. ~ 

. · ... 

. .. · - - ... --·--·- ·..:. _______ __ .. 

\ 



~I 
I 
I 
I. 

I 

I 
I 

1', 

I 
I. 
I 
·-1 

·I 

·I 

I 

·- lAC ll/16/81 Environmental Protection(S67) 

c .... ,.~.~.('" 
Ch 13S, p.23 

-. r, •... Upon appr.oval- ol the correerivt actiOft'JIIu·or as directed by the depanment, ownen 
and operators must implement the plan, indudina modifications to w the plan made by the 
~CJianment. They must monitor. evaluate, and fCJIOM the mulu or implementin& the plan 
•n accorclance with a schedule and in a format established by lhe depanment. 

d. Owners and opcraton may. in the interest or minimizin& environmental contamination 
~nd pro~olina more effective dcanup, bqin cleanup or soil and around water before the correc· 
uve acuon plan is aJ)proved provided that they: 

(l) Notify the department of their intention to be&in cleanup: 
(2) Comply with any conditions imposed by the department, includin& haltin& cleanup or 

mitisatina adverse consequences from cleanup activities; and 
.- · (3) Incorporate these self-initiated cleanup measures in the corrective action plan that is 

. submitted to the depanment for approval. 
135. 7(1) Public PtlrtiCiptltiOfl. 

11. For each confirmed release that requires a corrective action plan. the depanment must 
provide notice to the public by means desi&ned to reach those memben of the public directly 
affected by the release and lhc planned corrective action. This notice may include. bul is not 
limited to, public nolice in local newspapers, block advmisemenu. public service announce· 
menu, publication in a scale fqistcr, lcttcn 10 individual households, or personal conlactS 
by field starr. 

b. The dCJ)anmenl musl ensure that site release information and decisions concemina lhe 
corrective action plan arc made a\·ailable 10 the public for inspeclion upon request. 

c. Before approvina a corrective action plan, the depanment may hold a public meeting 
to consider comments on the proposed corrective action plan if there is surric:ient public interest, 

,-. . or for any other reason. 
· d. The department must give public notice that complies with paragraph "a" above if imple· 

mentation of an approved corrective action plan does not achieve the established ~lean up levels 
in the plan and termination of that plan is under consideration by lhe depanment. 

567-135.1(•558) Out-or·ser"Yice UST systems and closure', 
135.1(1) Ttmpof'Dry closu~. 
a. When a UST system is temporarily closed. owners and operalors must continue opera· 

tion and maintenance of corrosaon protection in accordance wilh 135.4(2), and any release 
detection in accordance with rule IJS.5(4558). Rules 13S.6(,.55B) and 13S.7(4SSB) must be 
complied with if a release is suspected or con tinned. However, release dctecSion is not required 
:u Ions as the UST system is empty. The l!ST system is empty wben all materials have been 
removed usina commonly employed practices so that no more than 2.S centimeters (one inch) 

,r--- of residue. or 0.3 percent ~ weiJht or ~e total capac:icy or the UST system, remain in the system. 
· . b. When a UST system IS temporanly closed for three months or more, owners and operators 

.· must also comply with the followina requirementS: 
(I) Leave vent lif.les open and functionina; and 
(2) Cap and secure all other lines, pumps, manways, and ancillary equipment. 
c. Whee a UST system is temporarily closed for more than 12 months, owners and o~raton' 

must permanently close lhe UST system if it does not meet either performance standards in 
135.3(1) for new UST mtems or the uparading requirementS in 13S.3(2), exccplthal the spill 
and overfill equipment requirementS do not have to be met. Owners and operators must per· 
manently close the substandard UST systems at the end or this 12·month period in accordance 
wilh 135.1(2) to 135.8(5). unless lhe dCJ)anment provides an wension of the 12-month tem­
porary closure periocl. Owners and operaton must complete a site assessment in accordance 
with 13S.8(3) before such an extension can be applied for. 

,,-....., 135.1(1) Ptmttlnrnt doSII~ tmd chllfiiU·in-servia. 
a. At least 30 days before bqinnina either permanent closu:-c or a change-in-service under 

parasraphs "b" and "c" below. or within another reasonable time period determined by the 
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cSCJ)&ttmcnt, owners and operators must notify the depanmcnt of their intent to permanently 
dose or make the c:haftlc-in·scrvice. Wllcsa such aaion is in response to corrcc:tivc ac:tior.. The 
required assessment of tAt ucavalion zone under 135.8(3) must be performed after notifyina . 
the dCJ)&ttment but before completion of the permanent closure or a c:hanac·in-lcrvicc. 

b. To permanently dose a tank. owners and operators mwt empty and dean it by rcmovina 
all liquids and ac:c:umulated sludacs. All tanks taken out of scrvic:c permanently m\&lt abo 
be either removed from the around or filled with an incn solid material. 

c. Continued usc of a UST syStem to store a nonrqulated substance is considered a c:hanae· 
in-service. Before a c:b&nJe•in-scrvicc. owners and operators must empty and clean the tank 
by rcmovin1 all liquid and ac:aamulated shid1e and condua a site asscumcnt in ac:cordan­
with JJS.I(3). 

NOTE:. Tbe foDowin1 dcanina and-closure procedures may be used to comply with sab~ 
13S.I(l): American Petroleum Institute Jlccommcndcd Practice 1604. "Removal and Disposal 
of Used Under1round Petroleum Storaac TankJ .. ; American Petroleum Institute Publication 
lOU, "Clcanina Pcuolcv.m Storaac Ta.nu•:; Am•icu- Pmolcum·lnttinur Jtteommcndcd 
Practice 1631, "Interior Unina of Underaround Storaae Tanks," may be used u auidance 
for compliance with this subrulc: and the National Institute for Occupational Safety and HcaJtn 
"Criteria for a Jlcc:ommended Standard ••. Workina in Confined Space" may be used u 
auidanc:c for conduaina safe dosurc procedures u some hazardous substance tanks. 

13!.1(3) AssesJUtf lift Silt Ill c/OSIITt Of ciUiftfl-ln•UI'IIict. 
11. Before pcnnancnt closure or a c:banJe·in-scrvic:c is completed, owners and operators must 

measure for the presence of a rclcuc where conwninuion is most likely to be present at the 
UST site. In sclectina sample types, sample locations, and measurement methods. owners anc4 
operators must consider the method of c:losurc, the nature of the stored substance. the tyt 
of t~ackrill. the depth to aroundw&Jer. and other faaors appropriate for idcntifyinJthc prcscnc:...-1 
of a release. The requilcments of this subrulc arc satisfied if one of the cxu:rnal release dctes:· 
tion methods allowed in 13$.5(4)"1,. and "/"is opcratina in ac:cordanc:e with the require· 
menu in 13$.5(~) at the time or closure. and indicates no release hu occurred. 

b. If contaminated soils, contaminated sroundwater. or free produa as a liquid or vapor 
is discovered under parasrapb "11, .. or by any other manner, owners and operators mwt beain 
corrective aaion in accordance with rule l3S.7(45SB). 

135.1(•) Applic11bUi11 10 pTtYiously closed lJST syszems. When directed by the depart· 
ment. the owner and opcruor of a UST system permanently c:losed before the ctrcc:tivc date 
of these rules must assess the excavation zone and c:1osc the UST system in accordance with 
this rule if releases from the UST may. in· the judJmcnt or the dcpanmcnt. pose a c:urrent 
or potential threat to human health and the environment. 

135.1(5) ClOSIUt rtCOrds. Owners and operators must maintain records in ac:c:ordanc:e wit! 
13S.4(S) that are capable or demonstratin& compliance with c:losurc requirements under thi~-.,..1 
rule. The results of the excavation zone &S$CSSmcnt required in 135.8(3) mwt be maintained 
for at least three years after completion of permanent c:losure or c:banse-in-scrvic:e in one of 
the followins ways: 

tz. By the owners and operators who took the UST system out of servic:e: 
b. By the current owners ancl operators of the UST system site: or 
c. By mailin1 these records to the dcpanment if they cannot be maintained at the closed 

facility. 

·. :·· 

.. . ... 
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These rules arc intended to im~lement Iowa Code chapter 4~~8. 
(Filed emersency 9/20/8~-published 10/918~. effective 9120/8~1 
(Filed emer1ency 11114/86-published 1213/86. effective 12/3/861 
(Filed emer1ency 12129/86-published l/14/87. effective l/14/871 

. [Flled S/1/87, Notice 1/14187-published S/20/87, effective 7/lS/87•) 
(Filed emersency 9/22187-published 10/21/87. effective 9/22/871 

(Filed 2/19/88. Notice Jl/18/87-published 3/9i88. effective 4/13/881 
(Filed emergency 10/24/88-published 11/16/88. effective 10/24/881 
[Filed 71: l/89. Notice 2/2~/89-published 8/9/89. effective 9/ 13/89) 

(Filed emergency 812S/89-published 9120/89. effective 8/!S/89) 

·ErriCliw clalt or 13S.9141 delayed IICVtftiY claJS by admoms&nliYc Nits ......... COIIIIDIIItt at in Jullt ,.., .......... 
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UNDERGROUND TANK CLOSURE 
FOR TANK OWNERS REMOVING TANKS USING 

PORTABLE VAPOR ANALYSIS ME'I'HOD 

This document provides underground storage tank owners with an acceptable 
method for performing an underground tank closure using a portable vapor 
analyzer. This document discusses the equipment and the procedures necessary 
to conduct the investigation, and the meahing of the investigation's results. 
NOTE THAT THE UNDERGROUND TANK OWNER MUST NOTIFY THIS DEPARTMENT IN WRITING OF 
PERMANENT TANX CLOSURE OR A CHANGE-IN-SERVICE* AT LEAST THRITY ( 30) DAYS PRIOR 
TO THE CLOSURE OR SERVICE CHANGE • 

Vapor Analvsis Method 

NOTE: These instruments have the following general l~i~s: 

1. Can only be used when the ambient temperature is above 40•F; 
and 

2. For volatile substances (e.g., gasoline. diesel) 

Equipment Needed: 

NOTE: 

Portable vapor analyzer (a description of some commonly used portable 
analyzers is attached) 

Auger tool large enough to accommodate vapor analysis equipment. 

******************************************************************** 
Groundwater may be encountered while performing these procedures. 
In that event. you must analyze the groundwater for potential 
contamination according to the attached method. 
******************************************************************** 

Procedure: 

1. Remove the underground tank and its connected piping in accordance with 
Subrule 135.8(2) of Chapter 135 of the Iowa Administrative Code (IAC). 

2. Sampling shall be performed projecting the tank's dimensions on to the 
floor of the· tank excavation. This projected area shall then be divided 
into equal areas of sixty (60) square feet as identified by the tank 
volume/ sampling area chart in Diagram A attached. Sampling shall be 
performed in the center of each of these areas. 

3. 

4. 

Sketch a dimensioned overview of the excavation area indicating the 
position of the sampling locations. Label each location accordingly. 

Auger to a depth of at least three feet into the floor of the excavation 
at each sampling area. Remove the augering tool. Carefully lower the 
vapor analyzer and connected probe into the borehole making sure that the 
end of the probe does not touch the walls or the bottom of the borehole. 
The probe end must not be immersed in any standing water. Seal the area 

- 1 - · 



I~ ·-,_ 

I 
C.,i 

r -. 

around probe and the top of the borehole with aluminum foil to prevent 
the escape of volatile products. 

5. Begin the analysis on the highest concentration scale possible, noting 
the response on the readout indicator. Adjust the concentration scale as 
necessary until a response on the readout indicator is observed. 

6. Record the results obtained in parts per million (PPM) for each 
individual location. Retain a copy of these analysis results and the 
sampling location sketch at the facility for a minimum of three (3) years 
as required per Subrule 135. 8(5) of Chapter 135 of the Iowa 
Administrative Code (IAC). Copies of the vapor analysis results and a 
copy of the sampling location sketch shall be sent to the department for 
review. The metal tank registration tag(s) shall also accompany the 
laboratory results and the sampling location sketch. 

NOTE: Trenches that contained underground tank p~p~ng shall be 
sampled similarly as described in procedures 3 through 5 above. 
The pipeline excavation shall be sampled every 10 lineal feet 
of piping. 

* Change-in-service is defined as the continued use of an underground tank to 
store a non-regulated substance. 

MEANING OF RESULTS 

Vapor Analyzer (parts per 
Readin2 million (PPM)) 

0-10 

Greater than 10 

A:JHl 

Action Reauired 

No action required at this time 

Contact the department at 
515/281-8693 
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VAPOR MONITORING EQUIPMENT 

Illustrated here are example• of 
portable instrument• commonly used for 
the analysis of volatile substances. An 
important limitation to consider when 
assessing the use of these instruments 
is that the ambient air temperature 
cannot be below 4o•r. The department 
does not endorse the use of any these 
instruments specifically, other similar 
instruments which provide equal 
monitoring capability may be available. 

FLAME IONIZATION DETECTOR 

Organic Vapor Analyzer (OVA) 

A flame ionization detector is used to 
monitor the presence of organic vapors. 
The principle benefits of monitoring 
with a flame ionization detector are: 

Universal organic compound response 
with approximately the same high 
sensitivity for all. 

Flame ionization will not respond 
to changes in relative humidity or 
changes in CO and C02 
concentration. 

It is a mass sensing detector which 
exhibits minimal effects from 
changes in temperature, pressure, 
or flow. 

Provides excellent dynamic range 
and concentration linearity. 

Sample gathering is done by using t 

small diaphragm air pump. Detectioi 
requires a hydrogen delivery system, ' 
sample delivery system, and &l 

eiectronic amplification and displa: 
system. The hydrogen delivery syste! 
provides an eight hour supply o 
hydrogen gas (with a precise! 
controlled flow) to the detector. Th 
sample delivery system provides air t 
the detector chamber to maintain th 
flame combustion and introduce th 
organic air contaminants for analysis. 



I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PHOTO-IONIZATION DETECTOR 

....... -· ·-

The photo-ionizer is used to measure the 
concentration of a wide variety ·of 
species in the atmosphere. The analyzer 
employs the principle of photoionization 
for detection. The process is termed 

"photoionization since the absorption of 
ultraviolet light by a molecule leads to 
ionization. 

The sensor consists of a sealed 
ultraviolet light source that emits 
photons which are energetic enough to 
ionize many trace species (particularly 
organics) but do not ionize the major 
components of air such as o

2
, N

2
, CO, 

C02 , or H2o. A chamber adjacent ~o the 
ultraviolet source contains a pair of 
electrodes. When a positive potential 
is applied to one electrode the field 
created drives any ions formed by the 
absorption of UV light to the collector 
electrode where the current 
(proportional to the concentration) is 
measured. 

·•. 
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Table 2. •• Interim action lel'els in parts pu billion for responses for 
selected organic chemicals in drinking water as of January 1986 

organic chemical Level I Level II Level III Level IV 

Benzene 0-0.68 >0.68-6.8 >6.8-68 >68 
Carbon tetrachloride 0-0.27 >0.27-2.7 >2.7-27 >27 
Chlordane 0-0.8 >0.8-32 >32-63 >63 
Dichlorobenzene(s) 0-94 >94-425 >425-750 >750 
1,2-Dichloroethane 0-0.7 >0.7-7 >7-7~ >70 
1,1-Dichloroethylene 0-7 >7-53 >53-100 >100 
Trans-1,2-
dichloroethylene 0-27 >27-148 >148-270 >270 

Methylene chloride 0-4.8 >4.8-47 >47-479 >479 
Polychlorinated 
biphenyls 0-0.007 . >0.007-0.07 >0.07-0.7 >0.7 

Tetrachloroethylene 0-0.67 >0.67-6.6 >6.6-66 >66 
1,1,1-Trichloroethane 0-20 >20-110 >110-200 >200 
Trichloroethylene 0-3.1 >3.1-30 >30-309 >309 
Vinyl chloride 0-0.015 >0 0 015-0 •. 15 >0.15-1.5 >1.5 
Xylene(s) 0-100 >100-550 >550-1200 >1200 

Summary of responses 

Level I 
Level II -

Level III -

Level IV 

No recommended action, random spot check sampling. 
Confirm sampling results; periodic monitoring: 
recommend alternative water sources andjor 
appropriate treatment techniques. 
confirm sampling results; monthly ~onitoring; 
develop within one year alternative water supplies 
andjor~ appropriate treatment techniques for public 
community water systems; recommend appropriate 
remedial actions to public noncommunity water 
systel':ls; and quarterly progress reports from both 
public community and public noncommunity water 
systems. 
Confirm sampling results; immediate remedial action 
for both public community and public noncommunity 
water systems • 

7 
-. 
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I Randolph & Associates, Inc. 
8901 NOIITH INDUSTRIAL ROAD. PEORIA. UINOIS blbiS·IS89 
TELEPHONE 309-b92~422 

VOLATILE ORGANIC COHPOUN~S -- Tar~et Compound Li!t 

T01 Sh@ll@r Glob• Corpor~tion 
3200 Main Str~~t 
K•okuk, lA ~2632 

ATTN: Mr. Andy Ed~ar 

RAI SAMPLE NO.: 
SAMPLE DATE: 
DESCRIPTI~: Ouant. 

ChloromHhane 
Bromomethane 
~Ji n~1l Chloride 
Chloroethane 
H£thylene Chloride 
Acetone 
Carbon Disulfide 
1 ,1-Dic:hloroethene 
1,1-Dic:hloroethane 
1,2-Dic:hloroethene (total) 
Chloroform 
1.2-Dic:hloroethane 
2-Butar.one 
1.1.1-Tric:hloroethane 
Carbon TEtrachloride 
~Ji n~l Acetate 
Bromodic:hloromethane 
l~2-Dic:hloropropane 
c:is-1.3-Dichloropropene­
Tr i chloroether.~ 
Dibromochloromethane 
1,1, 2-Tr i chl orcoethar.E 
Benzene 
trans-1,3-Dic:hloropropene 
Bromof r.•rm 
4-t1ethy1-2-Pen t anorre 
2-Hexarrone 
Tetrachloroethene 
1,1,2.2-Tetrac:hloroethane 
Toluene 
Chlorobenzene 
Ethvl benzer.e 
Stvrer.~ 

Xvlene fTotal) 
J - E~timat~d Concentration. 

U9/l 

10 
10 
JO 
10 

5 
10 
~ 
..J 

5 
5 
5 
5 
5 

10 ... 
~· 
5 

10 
~ ..... 

5 ... ..... 

5 
5 
~ 
..J 

5 
5 
... 
~· 

10 
10 

5 
5 
5 ... ..... 

5 
5 
... 
~· 

Limit 
(ppb) 

DATE: 
DATE REC'D: 
PROJECT NO. : 
PAGE 3 OF 3 

891016-02 

Tank Exc. 

11-8-89 
' 10-16-89 
1-0993.004.01 

Seepac,?e Water 

( 10 
( 10 
~ ,T 

( 10 
2.600 
2.500 , 5 ' / 5 ' 

66 
170 

5 
s 

9.900 
C'~· 
v~ 

< ~ ..J 

< 10 
< ... ...J 

{ ... 
~· 

( 5 
160 
·{ 5 
< 5 
36 

( 5 
< ~ ..... 

< 10 
< 10 ...... 

.;;.~ 

< 5 
liO.OOO 

< ... -· 
( 5 
<" 5 
!90 

4 [ I fi -j : 1) 
Report Apprcn,1eod 8~1: ,1/.///-j-v/l,J. /:41£'- k$1L 

JMP./L:56 
Barbara'G. R~a-Ha~h~ Manage-r 

An IEPA Contraa LaborarO,.yborator~ Oper at -(ons 
Discla~r: LICibilJty to Ranaolph & AllociCite.l.. Inc. not tc exceed cost of analySIS. 
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Randolph & Associates, Inc. 
8901 NOilTH JNOUST!l~Al RC>J\0. PEOIIA. UINOIS blbiS·IS89 
TELEPHONE 309-691-4421 

REPORT DATE& 11-8-89 

DATE REC'D: 10-16-89 

PROJECT NO.: 1-0993.004.01 

ATTN: Hr. Andy Ed9ar PAGE 1 OF' 3 

RAJ SAMPLE 891016-01 
SAMPLE DATE 

DESCRIPTJ(J-.J B-2 16-18' 
Soil 

Cyanide < 0.010 
Sulfide 116 
Arsenic 11.5 
Barium 63.4 
Cadmium 1.85 
'Chromium 9.18 
Lead 22.6 
Mercury < 0.020 
Selenium < 0.050 
Silver , 0.10 ' VOCs, u9/i<g * 

*See Attached 
Results in m9/k9 unless otherwise specified. 

Report Approved Bp: y;i. j%11 , ,_5 !{,A-7L.tJ 
Ba~bara G. Ra~-Hash 
Hana9er of Laboratory Operations 

Analysis in accordance with ·procedures itemized in 40 CFR Part 136. 
JHR/L:S6 

An IEPA Contraa Laboratory 
Oisctarmer: Uab~ity to Randolph & Assoc:.ates. rnc. not to exceed cost of analysis. 

AIICHITECTUIIN. LABOIIA TOirY 
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I Randolph & Associates, Inc. 
e<IOI NORT~- II\IOUSTIIIALIIOI'\0. PEOIIIA. Ill~ blbl5·1589 
TELEPHONE 309-692-4"22 

VOLATILE ORGANIC COHPOLNDS -- Tar9et Compound List 

T01 Sh•ller Globe Corporation 
3200 Main . Str~et 

K•o~uk, IA 52632 
ATTN: Mr. Andy Edgar 

RA I SAH?LE NO. : 
SAMPLE DATE: 
DE:SCRIPTI~: 

Chloromethane 
Bromomethane 
'v' i n l•l Chl or i de 
Chl oroethar.e 
Meth~len~ Chloride 
Acetone 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
l,2~Dichloroethene (total) 
Chloroform 
1,2-Dichloro~thane 
2-Butanone 
1!1~1-Trichloroethane> 
Carbon Tetrachlorid~ 
'·.Ji n~·l AcE' tate 
Bromodichlorom~thane 
1!2-DichloropropanP 
cis-1,3-Dichloropropene 
Trich!oroethene 
Dibromochloromethane 
1,1!2-Trichloroethane 
Sen:z:ene 
trans-1,3-Dichloropropene 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1.1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethvlbenzene 
Stvrene 
X~lenp (Total) 

JHR/L:56 ~1 

Ouant. 
Ul!ll~g 

10 
lO 
10 
10 

5 
10 
s 
5 
5 
s 
5 
s 

10 
~ 

~' 

"' ~' 

10 
C' -· ~ -· C' -· 
~ 
·..J 

s 
5 
5 .,. -· . 
5 

10 
10 

5 
5 
5 
5 
5 
5 
I: 

~· 

Limit 
ippb) 

AIICHITECTUIIAI. ELECTRICAl. ENVIIIONMENl AI. LAIIOIIA TOllY 

DATE: 
DATE REC'D: 
P~OJECT NO.: 
PAGE 2 OF 3 

e91016-01 

B-2 16-18' 
Soil 

( iO 
< 10 
( 10 
( 10 

{ 5 
< 1(1 

( 5 
( 5 
< 5 
< 5 
( 5 
< 5 

( 10 , 5 ' 
( s 

{ io 
( "' -· 
< 5 
\ ~ -· < ~ 
< s 
( s 
< =· 
< "' -· < 5 

{ 10 
< 10 
< 5 
< 5 

210,000 
{ 5 
< 5 
< 5 
< 5 

MECHANICAl. 

11-8-89 
10-16-89 
1-0993.0(14.01 

STRUCTURAL SURVEYING TRANSPORT A liON 
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ACETONE 

Synonyms: Chevron acetone; Dimethylformaldehyde; Dimethylketal; 
Dimethyl ketone; DMK.; Ketone propane; p-Ketopropane; Methyl 
ketone: Propanone: 2-Propanone; Pyroacetic acid; Pyroacetic ether; 

RCRA waste number U002; UN 1090. 

Structural Formula: 

H 0 H 
I II I 

H-c-c-c-H 
I I 
H H 

CHEMICAL DESIGN A TJONS 

CAS Registry Number: 6i-64-l 

DOT Designation: 1090 

Empirical Formula: C;H60 

Formula ~'eight: 58.08 

RTECS Number: AL 3150000 

PHYSICAL AND CHE~flCAL PROPERTIES 

Appearance and Odor: Colorless. volatile liquid with a sweet fragrant 

odor. 

Boiling Point: 56.2 •c [l} 

Henry's Law Constant: 3.97 x 10·5 atm·m3 ;mol at 25 ·c [2). 

Ionization Potential: 9.69 eV [3). 

Log h~ -0.43 using method of Rao and Davidson [4} 

Log h~ -0.24 [5]. 

Melting Point: -95.35 ·c [1). 
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k'·- Acetone 
:..·.~!~· 
fSol.bility in Or~aoics: Soluble in ethanol. ether, benzene, and 

fchloroform [6~ r Solubilily in Waler: Miscible in all proportion~ 
f Sp«ific Density: 0.7899 at 20/4 ·c [1}; 0.7912 at 20/4 ·c [7~ 
I 

Tr:ansformation Products: No data found. 

Vapor Density: 2.37 g/L at 25 •c, 2.01 (air • 1). 

Vapor Pressure: 266 mm at 25 •c (3}; 89 mm at S ·c. 270 mm at 30 ·c . 
.soo mm at 39.5 ·c (8}; 760 mm at 56.5 ·c. 1,520 mm at 78.6 ·c. 3,800 
mm at 113.0 ·c. 7,600 mm at 144.5 ·c. 15.200 mm at 181.0 ·c. 30,400 

inm at 214.5 ·c (1}; 180 mm at 20 ·c [9~ 

FIRE HAZARDS 

Flash Point: -17 ·c (3~ 

Lower Explosive Limit (LEL): 2.6% (3~· 

Upper Explosive Limit (UEL): 12.8% [3~ 

HEALTH HAZARD DATA 

Immediately Dangerous to Life or Health (IDLH): 20,000 ppm [3]. 

Permissible Exposure Limits (PEL) in Air: 1,000 ppm (~350 mg/m
3

) 

[10}; 250 ppm (~90 mg/m3) 1Q-hour TWA (3]; 750 ppm (::=1,780 mg/m
3
) 

TWA, 1,000 ppm STEL [9]. 

Selected Manufacturers: 

MANUFACTURING 

Allied Chemical Corp. 
Specialty Chemical Division 
Wilmington Turnpike 
Marcus Hook. PA 19061 
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Uses: lD~tc for chemicals (methyl isobutyl ketone, methyl 
isobutyl c:::ubiool. methyl methacrylate, bisphenoi·A); paint. varnish, 
and lacquer solvCDt; spinning solvent for cellulose acetate; to clean and 
dry p:ms (or. prccisioD eQUipment; solvent for pOtassium iodide, 
PDtassium perm:tDpnatc. cellulose acetate. nit~o.cell~lo\c; a:etylene; 
dclustr:lnt for cellulose acetate fibers; specificauon tesung for 
\"UI:anized rubber products; extraction of principals from animal and 
Pl:lnt subst:lD:::s; ingredient in nail polish remover, sealants and 
adhesh·cs; phann:lccutic::ll manufacturing; organic synthesis. 

REFERENCES 

l. W~t. R.~ Ed. CRC Handbook ·of Chemistry and Physics, 67th ed. 
(Boca R:non. FL: CRC Press. Inc .. 1986), 2406 p. 

2. Hin::, J .. and p .K. Mookerjee. 'The Intrinsic HydrophiJjc Character 
of Org:mic Compounds. Correlations in Terms of Structural 
Contributions; J. Org. Che,;...,. 40{3):292-298 (]975). 

3. "NIOSH Po:ket Guide to Chemical Hazards," U.S. Department of 
Health and Human Services, U.S. Government Printing Office 
(19&7), :!41 p. 

4. Rao, P .S.C., and L~i Davidson. "Estimation of Pesticide Retention 
and Transformation Parameters Required in Nonpoint Source 
Pollution Models," in Em•ironmemal Impact of Nonpoint Source 
Pollution, Overcash, MR.. and JM Davidson, Eds. (Ann Arbor, MI: 
Ann Arbor Science Publishers, Inc.. 1980), pp 23-67. 

5. Leo, A.. Hansch, ~ and D. Elkins. "Panition CoefficientS and 
Tneir Uses," Chcm Re1•., 71(6):525-616 (]971). 

6. "Chemical, Physical, and Biological Propenies of Compounds 
Present at Hazardous Waste Sites," U.S. EPA Repon-530/SW-89-010 
(1985), 619 p. 

7. Huntress, E.H., and S.P. Mulliken. ldemification of Pure Organic 
Compounds· Tables of Data on Selected Compounds of Order I (New 
York: John Wiley and Sons, Inc.. 1941). 691 p. 

8. Yerschueren, K.. Handbook of Em•ironmental Data on Organic 
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BENZENE 
.. r.c~~-. ,~ 

··q~~~:,. .. 
.. ' . " . ·.;;:~~~~<.:·~· .• 

=• 'i .· .c;· .... .. . a ... -. 
. ~}~J.i~~~ ~·~~ ~~ ~: .. 
;::..'~::t"-':~~:'~~f- :: -.:~.-: . . 
.. j, • • - : ·-~·.,.r. .. -· . . . S)'DDD)'~S: • Annulcnc; Bcnxole; Benzol; Benzoic:; Benzolcnc:; B1carburct 
or~; bydiojcn; ~ Carbon oil; Coal naphtha; Coal tar naphtha; 
Cyclohcntricnc; · Mineral naphthalene; Motor benzol; NC1-C55:76; 
Nitntion benzene; Phcnc: Phenyl hydride; Pyrobcnzol; Pyrobcnzolc; 

RCRA· • .as.c number U019; UN 1114. 

Structural Formula: 

0 
CHEMICAL DESIGNATIONS 

CAS Registry Number: 71-43-2 

DOT Designation: 1114 

Empirical Formula: C6H6 

Formula Wei~ht: 78.11 

RTECS Number: CY 1400000 

PHYSICAL AND CHEI\flCAL PROPERTIES 

Appearance and Odor: Clear, colorless to light yellow watery-liquid 
vdth an aromatic or gasoline-like odor. 

Boiling·Point: 80.100 •c [JJ. 

Henry's Law Constant: 0.00548 atm·m~ /mol at 25 •c {2]; 0.00538 
atm-m3/mol [3J. 

Ionization Potential: 9.25 eV [4]; 9.56 eV [5J. 

Log K~ 1.69 [6]; 1.92 [7]; 1.96, 2.00 [8J. 

Log K_: 2.13 [9]; 2.11 [10]; 1.56, 2.15 [ll]; 2.12 [12]; 1.95 [13J. 

.. 
;•. 
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Benzene 

Mellin~: Point: 5.533 •c [1~ 

Solubility in Or~:anics: Freely miscible with ethanol, ether, glacial acetic 
acid, acetone, chloroform, and carbon tetrachloride [14~ 

Solubility in Water: 1,780 mg/L at 20 ·c [15]; 820 mg/L at 22 ·c [16]; 
1,800 mg/L at 25 ·c [17]; 0.093 voJ% at 20 ·c [18]; 1,790 mg/L at 25 ·c 
[19]; 1,750 mg/L at 25 ·c [20]; 1,850 mg/L at 30 ·c (21]; 1,755 mg/L at 
25 ·c [22]; 1,740 mg/L at 25 ·c [23]; 1,780 mg/L at 25 ·c [24]; 1,791 
mg/L at 25 ·c [25]; 0.153 wt% at 0 ·c. 0.163 wt% at 10 ·c. 0.175 wt% 
at 20 ·c, 0.180 wt% at 25 ·c. 0.190 wt% at 30 ·c. 0.206 wt% at 40 ·c. 
0.225 wt% at 50 ·c. 0.250 wt% at 60 ·c. 0.277 wt% at 70 ·c. 0.344 wt% 
at 80 ·c. 0.393 wt% at 90 ·c, 0.504 wt% 107.4 ·c [26); 1,678 ppm at 0 
·c. 1,755 ppm at 25 ·c [27]; 1,740 mg/L at 25 ·c. 1,391 mg/L in 
artificial sea wa tcr at 25 ·c [28); I, 710 mg/L at 20 ·c [29); 1,696 ppm at 
25.00 ·c [30]; 1,860 ppm at 25 ·c [31]; 1,800 ppm at 25 ·c [32]; 1,000 
mg/L in fresh water at 25 ·c. 1,030 mg/L in salt water at 25 ·c [33]; 
0.18775 wt% at 23.5 •c [34); 0.0233 Mat 25 •c [35~ 

Specific: Density: 0.8765 at 20/4 •c [36]; 0.87895 at 20/4 ·c. 0.87366 at 
25/4 ·c [37]; 0.8784 at 20/4 •c, 0.8680 at 30/4 •c, O.S572 at 40/4 •c 
[38]; 0.87378 at 25/4 ·c [39~ · 

Transformation Products: A mutant of Pseudomonas pwida 
dihydroxylyzed benzene into cis-benzene glycol accompanied by partial 
dehydrogenation yielding c:nechol [40~ Bacterial dioxygcnases can 
cleave catechol at the ortho- and n;eta- positions to yield cis,cis-muconic 
acid and ~hydroxymuconic semialdehyde, respectively [41 J. 

Vapor Density: 3.19 g/L at 25 ·c. 2.70 (:lir • 1). 

Vapor Pressure: 60 mm at 15 ·c. 76 mm at 20 ·c. 118 mm at 30 •c 
[15]; 95.2 mm at 25 ·c [42); 760 mm at 80.1 ·c. 1,520 mm at 103.8 ·c . 
3,800 mm· at 142.5 ·c, 7,600 mm at 178.8 ·c. 15,200 mm at 221.5 ·c 
[36]; 100 mm at 26.075 ·c [1]; 397 mm at 60.3 ·c. 556 mm at 70.3 ·c. 
764 mm at 80.3 ·c. 1,031 mm at 90.3 ·c. 1,370 mm at 100.3 ·c [43]. 

FIRE HAZARDS 

Flash Point: -11 ·c [4~ 

Lower Explosin Limit (LEL): 1.3% [4]. 
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/ ·u;J,cr_ Explosive Limit (UEL): 7.1% [4J. 
~~~r~*~ - ~· ·. ·._· . .. ,. ... ··v-1··· .. .... . 

~~t~r·: . HEALTH HAZARD DATA 

~_Immediately Dan~:erous to Life or Health (IDLH): 2,000 ppm 
·~ (Clrcinogen) [44~ 

-Pe~bdble :Exposure Limits (PEL) in Air:. 10 ppm (~0 mg~~)). 
)~minute 50 ppm ceiling [45); O.l ppm TW~ 1 ppm 15-mmutc cellmg 
[4t 10 ppm TWA [46}. 

Selected Manufacturers: 

MANUFACTURING 

Commonwealth Oil Refining Co .. Inc. 
Penuelas, PR 00724 

Phillips Petroleum Co. 
Phillips Puerto Rico Core, Inc. 
B:mco Popular Center 
Hato Rey, PR 00936 

Shell Chemical Co . . 
Petrochemical Division 
P.O. Box 2463 
Houston, TX i7001 

Uses: lvhnufacturc of ethylbcnzcne (preparation of styrene monomer), 
dodecylbenzene (for detergents), cyclohexanc (for nylon), nitrobenzene, 
aniline, maleic anhydride, dipheny1, benzene hexachloride, benzene 
sulfonic acid, phenol, dichlorobenzene, insecticides, pesticides, 
fumigants, explosives, aviation fuel, flavors, perfume, medicine, dyes, 
and other organic chemicals; paints, coatings, plastics and resins; food 
processing; photographic chemicals; nylon intermediates; paint 
removers; rubber cement; antiknock gasoline; solvent 

REFERENCES 

1. Standen, A., Ed. Kirk-Othmer Encyclopedia of Chemical Technology. 
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2-BUTANONE 

Syoo•Y""' Butanonc: EthYl methyl ketone: Me<teo; MEK; MethYl 
acetone: Methyl ethyl ketone: RCRA wast< number Ui59; U1'l 1193; 

UN 1232. 

Structural Formula: H 0 H H 
I II I I 

H-c-c-c-c-H 
I I I 
H H H 

CHEMICAL DtslGNATlONS 

CAS Res:istry Number: 78-93-3 

DOT Designation: 1193 

Empirical Formula: c.H,O 

Formula Weight 72.11 

RTECS Number: EL 6475000 

pHYSICAL AND CHEMICAL PROPERTIES 

Appearance and Odor: Colorless liquid with a sweet mint-like odor. 

Boiling Point 79.6 •c £1). 

Henry's Law Constant: 4.66 x 10·5 atm·m';mol at 25 ·c £2). 

Ionization Potential: 9.48 eV £3). 

Log K~ 0.09 using method of Rao and Davidson £4). 

Log K.,.; 0.26 and 0.29 £5]. 

Melting Point -86.9 ·c [6); -85.9 ·c £7). _ 

Solubility in Organics: Miscible with acetone. ethanol, ben~ 
ether [8]. 
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2-Butanone 

lty in Water: 353 g/L at 10 ·c. 190 g/L at 90 ·c [9]; 27 wt% at 
Jt 28 vo1% at 20 ·c [10]; 24.00 wt% at 20 ·c [11]; 26.7 wt% at 20 
t 27.33 wt% at 20 ·c. 25.57 wt% at 2S ·c. 24.07 wt% at 30 •c 

~nc Deaslty: 0.8054 at 20/4 ·c (11 0.804 at 20/4 ·c (141 0.8061 at 
Qo/.C ·c. 0.8047 at 20/20 ·c [15~ ,., 
... 
[!rauformation Products: No data found. 

r-
;l"apor Density: 2.94 g/L at 25 •c, 2.49 (air • n 
! 
:Yapor Pressure: 77.5 mm at 20 ·c [9]; 1 mm at -48.3 ·c. 10 mm at -17.7 
!-c. 40 mm at 6.0 ·c. 100 mm at 25.0 ·c. 400 mm at 60.0 ·c. 760 mm 
:at 79.6 ·c [1]; 70 m:n at 20 ·c [3]; 71.2 mm at 20 ·c [16~ 

FIRE HAZARDS 

Flash Point: -9 ·c [1~ 

Lo"·er Explosive Limit (LEL): 2% [3~ 

Upper Explosive Limit (UEL): 10% [3~ ·. 

HEALTH HAZARD DATA 

Immediately Dangerous to Life or Health (IDLH): 3,000 ppm (3]. 

Permissible Exposure Limits (PEL) in Air: 200 ppm (~90 mg/m
3

) [18]; 
200 ppm 10-hour TWA, 300 ppm (=:::885 mgjm3

) 15-minute ceiling {3]; 
200 ppm TL V, 300 ppm STEL [ 19~ 

Selected Manufacturers: 

1\tANUF ACTURING 

Celanese Chemical Co. 
245 Park Ave. 
New York, NY 10017 
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l-Butanone 

.. . ·-,··.•J• • ·~ .... - Exxon Chemical Co. 
P.O. Box 3272 
Houston, TX 77001 

Shell Chemical Co. 
Industrial ChemiC31s Division 
Houston, TX 77001 

Uses: Solvent in nitrocellulose coatings. vinyl films. and "Glyptal" 
resins; paint removers; cements and adhesives; organic synthesis; 
manufacturing of smokeless powders, ketones and amines; cleaning 
fluids; printing; catalyst carrier; acrylic coatings. 

REFERENCES 

1. Weast, R.C., Ed. CRC Handbook of Chemistry and Physics, 67th ed. 
(Boca Raton, FL: CRC Press, Inc., 1986), 2406 p. 

2. Hine, J., and P.K. Mookerjee. "The Intrinsic Hydrophilic Character 
of Organic Compounds. Correlations in Terms of Structural 
Contributions," J. Org. Che~·· 40(3):292-298 (1975). 

3. "NIOSH Pocket Guide to Chemical Hazards," U.S. Department of 
Health and Human Services, U.S. Government Printing Office 

(1987), 241 p. 
4. Rao, P.S.C., and JM Davidson. "Estimation of Pesticide Retention 

and Transformation Parameters Required in Nonpoint Source 
Pollution Models," in Em•ironmental Impact of Nonpoin! SO'.irce 
Pollution, Overcash, MR., and JM Davidson, Eds. (Artn Arbor, :Ml: 
Ann Arbor Science Publishers, Inc., 1980), pp 23-67. 

5. Leo, A., Hansch, C., and D. Elkins. "Partition Coefiicients and 
Their Uses," Chem. Re1•., 71(6)".525-616 (1971). 

6. ·Dean, LA.., Ed., Lange's Handbook of Chemistry, ll th ed. (New York: · 
McGraw-Hill, Inc., 1973), 1570 p. ··=~ 

7. Sax, N.L Dangerous Properties of Industrial Materials (New Yore;. 
Van Nostrand Reinhold Co., 1984), 3124 p. ·:;. 

8. "Chemical, Physical, and Biological Properties of Compound~. 
Present at Hazardous Waste Sites," U.S. EPA Report-530/SW-89-0Jt 
(1985), 619 p. ~ 

9. Verschueren, K. Handbook of Em·ironmental Data on Or~ 
Che_micals (New York: Van Nostrand Reinhold Co., 1983), 1310 ~ 

10. Mettes, L., Ed. Handbook of Analytical Chemistry, 1st ed. (New Ya 
McGraw-Hill, Inc., 1963), 1782 p. .. '.~ 

11. Riddick, J.A., Bunger, W.B., and T.K.. Sakano. Organic ~ 
ii:J 
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CHLOROFORM 

SyaonyiDS: Formyl trichloride; Freon 20; Methane trichloride; Methenyl 
chloride; Metheny) trichloride; Methyl trichloride; NCJ-C02686; R 20; R 
20 (refrigerant); RCRA waste number U044; TCM; Trichloroform; 
Trfchloromcthaae; UN 1888. ... .... 
St~~t~ral Formula: 

~· • I ; 

. =~ :. ~· 

H 
I 

CI-C-CI 
I 

Cl 

CHEMICAL DESIGNATIONS 

CAS Registry Number: 67-66-3 

DOT Designation: J 888 

Empirical Fotmula: CHC13 

Formula Weight: 11938 

RTECS Number: FS 9100000 

PHYSICAL AND CHEMICAL PROPERTIES 

Appearance and Odor: Clear, water-white, volatile liquid with a stroc&. 
sweet, ethereal odor. · 

Boiling Point: 61.7 ·c [1]. 

Henry's Law Constant: 0.0029 atm·m3jmol [2]; 0.00339 atm·m3/molA 
0.00323 atm·m3/mol [4]; 0.0053 atm-m3/mol at 20 ·c [5); 0.0032 at ~.!0 
[6]; 0.00727 atm·m3 /mol at 37 ·c [7). _-::-~ 

Ionization Potential: 11.42 eV [8]. 

Log K ~ 1.64 [9]. . 
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Chloroform 

~ility in Oraanics: Soluble in acetone; miscible with ethanol, ether, 

nc. and ligroin [13~ 

S.Ubility in Water: 8,000 mg/L at 20 ·c. 9,300 mg/L at 25 ·c [14]; 
COO mg/L at 20 ·c [15]; 7,950 mg/L at 25 ·c (16]; 8.22 m1/L at 20 ·c 
11~ s.::o mg/L at 20 ·c (18]; 9,600 mg/L at 25 ·c (19]; 7.2:2 mg/L at 
:S ~ [:O); 7,840 mg/L at 25 ·c (6]; 8,520 mg/L at 15 ·c. 7710 mg/L at 
30 ·c [:1); 0.84 wt% at 15 ·c. 0.8 wt% at 20 ·c. 0.76 wt% at 30 ·c [22]; 
CJJS wt% at 20 ·c [23]; 10,620 mg/L at 0 ·c. 8,950 mg/L at 10 ·c. 
&.::0 mg/L at 20 ·c. 7,760 mg/L at 30 ·c [24]; 7,100 ppm at 25 ·c 

_r-s~ 1% at 15 ·c [26~ . 
SP«ific Density: 1.4832 at 20/4 ·c [1); 1.49845 15/4 ·c [27]; 1.5263i at 
0/4 ·c. 1.4890 at 20/4 ·c .. l.48069 at 25/4 ·c. 1.4081 at 60.9/4 ·c [24~ 

Transformation Products: An anaerobic species of Clostridium 
. biodegraded chloroform {a metabolite of carbon tetrachloride) by 
·reductive dechlorination yielding methylene chloride and unidentified 

productS [28~ 

Vapor Density: 4.88 g/L at 25 ·c. 4.12 {air • 1). 

Vapor Pressure: 160 mm at 20 ·c. 245 mm at 30 ·c [14); 760 mm at 
61.3 ·c. 1.520 mm at 83.9 ·c. 3,800 mm at 120.0 ·c. 7,600 mm at 1523 
·c. 15.200 mm at 191.8 ·c. 30,400 mm at 237.5 ·c [1); 150.5 mm at 20 
·c [29]; 198 mm at 25 ·c [3]; 100 mm at 10.4 ·c [27); 0.81 mm at -60 
·c. 2.06 mm at -50 ·c. 4.20 mm at -40 ·c. 10.00 mm at -30 ·c. 19.60 
mm at -20 ·c. 34.75 mm at -10 ·c. 61.0 mm at 0 ·c. 100.5 mm at 10 
·c. 159.6 mm at 20 ·c. 246.0 mm at 30 ·c. 366.4 mm at 40 ·c. 526.0 

mm at 50 :c [24~ 

FIRE HAZARDS 

Flash Point: Non-<:ombustib1e [8~ 

Lower Explosive Limit (LEL): Not applicable [8~ 

Upper Explosive Limit (UEL): Not applicable (8]. 
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1,1-Dichloroethane 

PPG Industries, Inc. 
Chemicals Group 
Industrial Chemical Division 
Lake Charles. LA 70601 

Vulcan Materials Co. 
Vulcan Chemicals Division 
Geismar, LA 70734 

JVsa::. Extraction solvent; insecticide and fumigant; prepuation of vinyl 
t~nde; paint. varnish, and finish removers; degreasing and drying 
!IDCt31 parts; ore flomtion; solvent for plastics. oils. and fats; chemical 
~termediate for 1,1,1-trichlorocthane; in rubber cementing, fabric 
~cading, and fire extinguishers; formerly used as an anesthetic; 
~nic synthesis. 

"'" I· 
I 
I 
I 
I· 

I 
REFERENCES 
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Henry's Law Constants of Selected Priority Pollutants," Office of 
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Screening Procedure for Toxic and Conventional Pollutants in 
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1,2-DICHLOROETHANE 

1.2-Bich1oroeth:mc:; Borer sol; Brocide; 1,2-DCA; 1,2-DCE; 
r:DI!~Rn~xol borer-sol; Dichloremu1sion; 1,1-Dichlorethanc; Dich1or-
181111"i0a; a.5-Dichloroethanc; sym-Dichloroethanc; Dichloroethylene; 
lM'IJirO:D liquid; Dutch oil; EDC; ENT 1,656; Ethane dichloride; Ethene 

loride; Ethylene chloride; Ethylene dichloride; 1.2-Ethylene 
~Joridc; Freon 150; Glycol dichloride; NC1-C00511; RCRA waste rber UOi7; UN 1184. 

!Sir.cturaJ Formula: 
\- H H 
.- I I 
t ; CI-C-C-CI .. 

.. 
·-· 

I I 
H H 

CHEMICAL DESIGNATIONS 

CAS Re~istry Number: 107-06-2 

· DOT Designation: 2362 

Empirical Formula: C:iH
4
CI

2 

Formula Weight: 98.96 

RTECS Numl>er: KI 0525000 

PHYSICAL AND CHE.MICAL PROPERTIES 

Appearance and Odor: Colorless liquid with a pleas:tnt odor. 

B.oiling Point: 83.5 ·c [ 1]. 

Henry's Law Constant: 9.1 x 10-c :J.tm·m3/mol [2]; O.OOJ 1 atm·m3/mol [3]; 
9.8 x 10 .... atm·m3;mol at 25 ·c [4]; 0.00131 atm·m3/mol at 25 ·c [5]; 
0.00225 atm·m3/mol at 37 ·c [6]. 

Ionization Potential: 9.64 eY [7]; 11.04 cV [8]. 

I Log K~ 1.15 [~]; 1.279 [9]. 

J 

I 
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1 ,2-Dichloroet ha nt 

Lo2 J\_: 1.48 (I OJ; 1.45 (I 1~ 

Meltin& Point: -35.3 •c (1~ 

Solubility in Or~anics: Miscible with ethanol, chloroform, and ether 
(12~ 

Solubility in Water: 9.200 mg/L at 0 ·c. 8,690 mg/L at 20 ·c (1 3}; in 
120 parts water (14~ 8.300 mg/L at 25 ·c (3~ 7,986 mg/L at 25 ·c {l Jt 
8,720 mg/L at 15 ·c. 9.000 mg/L at 30 ·c [15]; 8.800 mg/L at 20 ·c 
[16]; 0.81 wt% at 20 ·c (17]; 8,450 ppm at 20 ·c (9]; 0.873 mass% at o 
·c ( 1 O]; 8,650 mg/L at 25 ·c [ 1 8]; 0.87% ( 19~ 

· . Spe~ific Density: 1.2351 at 20/4 ·c (1]; 1.253 at 20/4 ·c (20]; 1.28164 at 
0/4 ·c. 1.26000 at 15/4 ·c. 1.25280 at 20/4 ·c. 1.24530 at 25/4 ·c • 
1.23831 at 30/4 ·c f21J. 

Transformation Products: No data found. 

Vapor Density: 4.04 g/L at 25 ·c. 3.42 (air • J). 

Vapor Pressure: 25 mm at 0 !C, 40 mm at 10 ·c. 64 mm at 20 •c, 100 
mm at 30 ·c 160 mm at 40 ·c. 240 mm at SO ·c. 350 mm at 60 ·c, 
500 mm a.t 70 ·c. 700 mm at 80 ·c. 760 mm at 83.5 ·c [21]; 87 mm at 
25 ·c £14J. 

· FIRE HAZARDS 

Flash Point: 13 ·c (open cup) [7J; 17 •c, 21 ·c (open cup) [21]. 

Lower Explosive Limit (LEL): 6.2% [7]. 

Upper Explosive Limit (UEL): 16% [7]. 

HEALTH HAZARD DATA 

Immediately Dangerous to Life or Health (IDLH): Potential hu=a 
carcinogen [7]. · ·· 

Permissible Exposure Limits (PEL) in Air: 50 ppm, 100 ppm ccilin&. :QI · 
ppm 5-minute/3-hour peak [22]; 1 ppm 10-hour TWA, 2 ppm 15-miiiiill 
ceiling [7]; 10 ppm (~0 mg/m3) TWA [14]. .. -
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. Manufacturers: 
. 
l 

; 

1,2-Dichloroethane 

MANUF ACl"URING 

Aldrich Chemical Co. 
940 West S:lint Paul Ave. 
Milwaukee, WI 53233 

Fluka Chemical Corp. 
980 South Second St. 
Ronkonkoma, NY 11779 

Pfaltz & Bauer, Inc. 
172 East Aurora St. 
W:uerbury, CT 06708 

~; · 

~Vscs:: Vinyl chloride solvent; lead scavenger in antiknock unle:1ded 
r }j .s:aso ne; paint. varnish. and finish remover; metal degreasers; soaps and 
;XOuring compounds; wetting and penetrating agents; organic synthesis; 
fXC flotation; tobacco flavoring; soil and foodstuff fumigant -· r·-
! . 

REFERENCES 

l. Weast. R.C .. Ed. CRC Handbook of Chemislry and Physics, 67th ed. 
(Boca Raton, FL: CRC Press. Inc .. 1986), 2406 p. 

I 3. 

Schwille, F. Dense Chlorinated Soll'el!ls (Chelsea, MI: Lewis 
Publishers. Inc., 1988), 146 p. 
Warner, H.P .. Cohen, J.M, and J.C. Ireland. •Determination of 
Henry's Law Constants of Selected Priority Pollutants," Office of 
Science and Development, U.S. EPA Rcport-600/D-87 /229 (! 987), 
14 p. 

4. Di!Iing. W.L. "Interphase Transfer Processes. II. Evaporation Rates 
of Chloro Methanes. Ethanes. Ethylcnes, Propanes. and Propylenes 
from Dilute Aqueous Solutions. Comparisons with Theoretical 
Predictions: Em iron. Sci. Techno/ .. I 1 ( 4):405-409 (1977~ 

5. Hine, J .. and P.K. Mookcrjce. 7he Intrinsic Hydrophilic Character 
of Organic Compounds. Correlations in Terms of Structural 
Contributions; J. Org. Clre.m .. 40(3):292-298 (1975) . 

6. Sa to, A .. and T. Nakajima. "A Structure-Activity Relationship of 
Some Chlorinated Hydrocarbons: Arch. Em•iron. Heallh, 34(2):69-75 
(1979~ 

i. "NIOSH Pocket Guide to Chemical Haurds; U.S. Department of 
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zrans-1,2-D ic h loroe thy I ene 

Meltint Point: -50 •c [I~ 

Solubility in Ors:anic:s: Miscible with acetone, ethanol, ether, and very 
soluble in benzene and chloroform [10~ 

Solubility in Water: 600 mg/L at 20 •c [I 1); 6,300 mg/L at 25 ·c (12); 
0.63 wt% at 25 ·c [13); 6.260 mg/L at 15 ·c [14). 

Specific Density: 1.2565 at 20/4 ·c (I); 1.27 at 15/4 •c (mixture of cis­
and trans- isomers) [15); 1.2631 at 10/4 ·c [16). 

Transformation Product: In a mcthanogenic aquifer material, lrans-1.2-
dichloroethylene biode~raded to vinyl chloride [17]. Under anoxic 
conditions zrans-1.2-dichlorocthylcnc, when subjected to indigenous 
microbes in uncontaminated sediments, degraded to vinyl chloride [I 8]. 

Vapor Density: 3.96 g/L at 25 ·c, 3.35 (air • 1). 

Vapor Pressure: 200 mm at 14 ·c [1 I); 760 mm at 47.8 •c, 1,520 mm at 
69.8 •c, 3,800 at 104.0 •c, 7,600 mm at 135.7 ·c. 15,200 mm at 174.0 
•c, 30,400 mm at 220.0 ·c [1]; 40 mm at -20 ·c. 64 mm at -10 ·c, 113 
mm at 0 •c, 185 mm at 10 ·c. 265 mm at 20 •c, 410 mm at 30 ·c. 575 
mm at 40 •c, 760 mm at 47.7 ·c [16]. 

FIRE HAZARDS 

Flash Point: 2 ·c [19). 

Lower Explosh·e Limit (LEL): 9.7% [19]. 

Upper Explosh·e Limit (UEL): 12.8% [19]. 

HEALTH HAZARD DATA 

Immediately Dangerous ,to Life or Health (IDLH): No data found, 
however, a level of 4,000 ppm has been established for 
1,2-dich1orocthylcne containing both the cis- and zrans- isomers [20). 

Permissible Exposure Limits (PEL) in Air: No standards set, however, 
for the compound containing both isomers the TL V is 200 ppm (=::790 
mg/m~ [21). 
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Selected Manufacturers: 

lrans-1,2-Dicbloroetbylene 

MANUF ACfURING 

Fluka Chemical Corp. 
980 South Second St. 
Ronkonkoma, NY 11779 

Pfaltz and Bauer, Inc. 
126-04 Northern Blvd. 
Flushing, NY 11368 

Uses: A mixture of cis- and 1ra1rs- isomers is used as a solvent for fats, 
phenols, camphor, etc.; ingredient in perfumes; low temperature solvent 
for sensitive subst:mces such as caffeine; refrigerant; organic synthesis. 

REFERENCES 

1. Weast, R.C.. Ed. CRC Handbook of Chemistry and Physics, 67th ed. 
(Boca Raton. FL: CRC Press, lnc.. 1986), 2406 p. · 

2. Gossett, J.M "Measurement of Henry's l.:lw Constants for C1 and 
C

2 
Chlorinated Hydrocarbons." Em·iron. Sci. Techno!., 21(2):202-208 

(1987). 
3. Pankow, J.F., and ME. Rosen. "Determination of Volatile 

Compounds in Water by Purging Directly to a Capillary Column 
with Whole Column Cryotrapping," Emiron. Sci. Techno!., 
22( 4):398-405 (1988). 

4. "Treatability 1\.-tlnual - Volume 1: Treatability Data," Office of 
Research and Development, U.S. EPA Report-600/8-80-042:1 (1980), 
1035 p. 

5. Hine, J., and P.K. Mookerjce. "The Intrinsic Hydrophilic Character 
of Orga_nic Compounds. Correlations in Terms of Structural 
Contributions,• J. Org. Chem., 40(3)".292-298 (1975). 

6. Sato, A., and T. Nakajima. "A Structure-Activity Relationship of 
Some Chlorinated Hydroc:1rbons," Arch. Em•iron. Health, 34(2):69-75 
(1979). 

7· Franklin, J.L, Dillard, J.G .. Rosenstock, H.M. Herron, J.T .. Draxl 
i K.. and F.H. Field. "Ioniz:nion Potentials, Appearance Potentials 

and He:ns of Formation of Gaseous Positive Ions," National Bureau 
of Standards Report NSRDS-NBS 26, U.S. Government Printing 
Office (1969), 289 p. 

8. Schwille, F. De1rse Chlorinmed Sob•ents (Chelsea, MI: Lewis 
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r METHYLENE CHLORIDE 

. 
S711onyms: Aerothcne MM; DCM; Dichloromethane; Freon 30; Methane 
dichloride; Methylene bichloride; Methylene dichloride; Narcotil; 
NCI-C50102; RCRA waste number U080; Solacsthin; So1methine; UN 
1593. 

Structural Formula: 

H 
I 

CI-C-CI 
I 
H 

CHEMICAL DESIGNATIONS 

; CAS Rt1:istry Number: 75-09-2 

DOT Desi~:na tion: 1593 

Empirical Formula: CH2Cl2 

Formula Weight: 84.93 

RTECS Number: PA 8050000 

PHYSICAL AND CHEJ'vfiCAL PROPERTIES 

Appearance and Odor: Colorless liquid with a swee~ penetrating 
ethereal odor. 

Boilin~ Point: 40.2 ·c [1~ 

Henry's Law Constant: 0.0020 atm-m3jmol [2]; 0.00319 atm·m
3
/mol [3]; 

0.00269 atm-m3/mol at 25 ·c [4]; 0.00218 atm·m
3
/mol at 25 ·c [5]; 

0.00353 atm-m3 /mol at 37 ·c [6~ 

Ionization Potential: 11J5 eV [7~ 

Log K~ 0.94 [8J. 
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378 Methylene chloride 

Los: K_: 1.30 [9); 1.:5 [10~ 

Meltin.: Point: -95.1 ·c [11~ -96.7 ·c [12~ 

Solubility in O~anics: Miscible with ethanol and ether [13~ 

Solubility in Water: 20.000 mg/L at 20 ·c. 16,700 mg/L at 25 ·c [14~ 
1.3 ""t% at 20 ·c [7); 13,000 mg/L at 25 ·c [15~ 19.400 ppm at ~5 ·c 
[4]; 13.200 mg/L at 25 ·c (16]; 23,600 mg/L at 0 ·c. 21.200 mg/L at 10 
·c. 19,700 at 30 ·c [12); 19,000 ppm at 25 ·c [J7~ 

Specific Density: 1.3266 at 20/4 ·c [I I]; 1.378 at 0/4 ·c [12~ 

Transformation Products: Under laboratory conditions. methylene 
chloride hydrolyzed with subsequent oxidation and reduction to 
produce methyl chloride. methanol. formic acid, and formaldehyde [18~ 

Vapor Density: 3.47 gjL at 25 •c, 2.93 (air • 1). 

Vapor Pressure: 147.4 mm 0 •c, 229.7 mm at 10 ·c, 348.9 mm at 20 -c, 
511.4 mm at 30 ·c. 600 mm at 35 •c [12]; I mm at -70.0 ·c. 10 mm u 
-43.3 •c, 40 mm at -22.3 ·c. 100 mm at -6.3 •c, 400 mm at 24.1 ·c. 760 
mm at 40.7 ·c [ll]; 440 mm at 25 ·c [19]; 362.4 mm at 20 ·c [20]; 4SS 
mm at 25 ·c [21]; 380 mm at 12 ·c [22~ 

FIRE HAZARDS 

Flash Point: None [23); ~ 30 ·c [24]. . 

Lower Explosh·e Limit (LEL): 12% [7~ 

Upper Explosive Limit (UEL): 19% [7~ 

HEALTH HAZARD DATA 

"­Immediately Dangerous to Life or Health (IDLH): S,OCXJ_~Ji!l 
(carcinogen) [25~ -

Permissible Exposure Limits (PEL) in Air: 500 ppm, 1,000 ppm ~ 
2,000 ppm ceiling 5 minute/2-hour peak [261; lowest feasible lirru~~ 
ppm (=:175 mg/m3) [19~ . ·· 
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Sclft:ted Manu! acturers: 
to · , __ 

Metbylne chloride 

MANUFACTURING 

,. Aldrich Chemical Co. 
940 West Saint Paul A vc. 
Milwaukee, WI 53233 

I 
. ! 

Fluka Chemical Corp. 
980 South Second St. 
Ronkonkoma. NY 11779 

Pfaltz & Bauer. Inc. 
172 East Aurora St. 
Waterbury. CT 06708 

;uses: Low temperature solvent; ingredient in paint and varnish 
i r:movers; cleaning. degrcasing and drying metal parts; fumigant; 
f manufacturing of aerosols; refrigerant; dewaxing; blowing agent in I rooms; solvent Cor cellulose acetate; o~nic synthesis 

REFERENCES 

I. Dean, J.A., Ed .. lAnge's Handbook of Chemistry, 11th ed. (New York: 
McGraw-HilL, Inc., 19i3), 1570 p. 

l Pankow, J.F.. and ME. Rosen. "Determination of Volatile 
Compounds in Water by Purging Directly to a Capillary Column 
with Whole Column Cryotrapping; Environ. Sci. Techno!., 
22( 4):398-405 ( 1988). 

3. Warner, H.P.. Cohen. J.M. and J.C. Ireland. "Determination of 
Henry's Law Constants of Selected Priority Pollutants." Office of 
Science and Development. U.S. EPA Report-600/D-87/229 (1987), 
14 p. 

4· Dilling. W.L. "Interphase Transfer Processes. 11 Evaporation R:ltcs 
of Chloro Methanes, Ethanes, Ethylenes, Propanes, and Propylenes 
from Dilute Aqueous Solutions. Comparisons with Theoretical 
Predictions,• Em•iron. Sci. Techno/., 11(4):405-409 (1977). 

5• Hine, J., and P.K. Mookerjce. 'The Intrinsic Hydrophilic Char::cter 
of Organic Compounds. Correlations in Terms of Structural 
Contributions,• J. Org. Chem.. 40(3)-.291-298 (1975). 

6· Sato, A., and T. Nakajima. "A Structure-Activity Relationship of 
Some Chlorir::ned Hydrocarbons," Arch. Em•iron. Heallh, 34(2):69-75 
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'I E I RACHLOROETHYLENE 

.. ~-.. ..... 

•• .. 1.1 

· ·~ 

-· 
'· 

Synonyms: Ankilostin; Antisol 1; Carbon bichloride; Carbon dichlori~: 
Dee•Solv; Didakene; Dow-per; ENT · 1,86<>; Ethylene tetrachlorid Ci 
Fedai-UN; NCI-co4580; Nema; PCE; PER; Pcrawin; PERC; Pcrc:hJ; 
Pcrchlorethylcne; Perchloroethylenc; Perclcnc; Pcrclcnc D; Pcrc:OSot,! 
Perk; Pcrklone; Pcrscc; RCRA waste number U210; Tetlcn; Tctrac:a~ 
Tctrachlorcthylcne; Tetrachloroethene; . 1,1 .2.2· Tetrachloroethylen~ 
Tctralcno; Tctralcx; Tctravcc; Tctrogucr; Tctropil; UN 1897. 

Structural Formula: 

Cl Cl ' / /C=C, . 
Cl Cl 

CHEMICAL DESJGNA TIONS 

CAS Re~istry Number: 127-18-4 

DOT Desi~nation: 1897 

Empirical Formula: <;CI, 

Formula Weight: 165.83 

RTECS Number: KX 3850000 

PHYSICAL AND CHEMICAL PROPERTIES 

Appearance and Odor: Colorless liquid with a chloroform or sweet 
ethereal odor. 

Boiling Point: 121.2 •c [1]. 

Henry's Law Constant: 0.0153 atm·m3/mol [2]; 0.0131 atm·m3/mol [3]; 
0.00287 atm·m3 /mol [4]; 0.0592 atm·m3 /mol at 37 ·c [5]. 

Ionization Potential: 9.32 cV [6]; 9.71 cV [7]. 

Log K~ 2.42 [8]; 2.56 [3}; 2.322 [9]. 
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Tetrachloroethylene 

Lo~ K~ 2.60 [10~ 2.88 [11~ 2.10 [12~ 2.53 [13~ 

MeJtins: Point: ·19 ·c (14): -22.4 ·c [15~ 

Solubility in Ors:anics: Soluble in ethanol, benzene, ether [161 and oils 
[17~ 

Solubility in Water: 150 mg/L at 25 ·c [10~ 150 mg/L at 20 ·c [18]; 
2200 mg/L at 20 ·c [19~ 400 mg/L at 25· ·c [20): 485 ppm at 25 ·c 
[12~ 149 mg/L at 20 ·c [21~ 

Specific Density: 1.6:27 at 20/4 ·c [14~ 1.63120 at 10/4 ·c, 1.63109 at 
15/4 ·c. 1.62260 at 20/4 ·c. 1.60640 at 30/4 ·c. 1.44865 at 120/4 ·c 
[22~ 

Transformation Products: Sequential dehalogenation by microbes under 
laboratory conditions produced trichloroethylene, ci.s-1,2· 
dichloroethylene, zran.s·1.2·dichloroethylene, and vinyl chloride [23]. 

Vapor Density: 6.78 g/L at 25 ·~ 5.72 (air • 1). 

Vapor Pressure: 1 mm at ·20.6 ·c. 5 mm at 2.4 ·c, 10 mm at 13.8 ·~ 
20 mm at 26.3 •c, 41. mm at 40 ·c. 67 mm at 50 •c, 104 mm at 60 ·c, 
155.3 mm at 70 ·c, 226.0 mm at 80 ·c. 319.2 mm at 90 ·c. 438.5 mm at 
100 ·c. 591.6 mm :lt 110 ·c. 760 mm at mm at 121.2 ·c [22]; 24 mm at 
30 ·c [10]; 100 mm at 61.3 ·c. 400 mm at 100.0 ·c, 760 mm at 120.8 
·c [14]; 19 mm at 25 ·c [24]; 20 mm at 25 ·c [25]; 15.8 mm at 12 ·c 
[:6]; 14 mm at 20 ·c [27J. • 

FIRE HAZARDS 

Flash Point: Not flammable [6~ 

Lower Explosive Limit (LEL): Not flammable [15]. 

Upper Explosive Limit (UEL): Not flammable [15]. 

HEALTH HAZARD DATA 

Immediately Dangerous to Life or Health (IDLH): 500 ppm 
(carcinogen) [15J. 

~I 

l 
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T etracbloroetbylene 

Permissible Exposure Limits (PEL) ia Air: 100 ppm. 200 ppm ceiling. 
300 ppm 5-minute/3-hour peak [28]: lowest feasible limit [6]: 50 PPm 
(IIIU40 mg/m'l. 200 ppm (_,1.340 mg/m3) STEL [24~ 

Selected Manufacturers: 

MANUFACTURING 

Dow Chemical Co. 
Midland, MI 48640 

PPG Industries, Inc. 
Industrial Chemicals Division 
Barberton, OH 44203 

Vulcan Materials Co. 
Chemicals Division 
Wichita, KS 67201 

Uses: Dry cleaning fluid; degrcasing and drying metals and other solids; 
solvent for v.-axes, greases, fats, oils, gums; manufacturing printing inks 
and paint removers; preparation of fluorocarbons and trichloroacetic 
acid; vermifuge; organic synthesis. 

REFERENCES 

1. Dean, J.A., Ed., Lange's Handbook of Chemiszry, I I th ed. (New York: 
McGraw-Hill, Inc., I9i3)~ I570 p. 

2. Pankow, J.F., and ME. Rosen. "Determination of Volatile 
Compounds in Water by Purging Directly to a Capillary Column 
with Whole Column Cryotrapping,• Environ. Sci. Techno!., 
22(4)-.398-405 (1988). . 

3. Schwillc, F. Dense Chlori1Ulled Solvems (Chelsea, MI: Lewis 
Pu blishcrs, Inc., 1988). 1 46 p. 

4. Warner, H.P., Cohen, J.M. and J.C. Ireland, "Determination of 
Henry's Law Constants of Selected Priority Pollutants; Office of 
Science and Development, U.S. EPA Report-600/D-87/229 (1987), 
14 p. 

5. Sato, A. and T. Nakajima. "A Structure-Activity Relationship of 
Some Chlorinated Hydrocarbons," Arch. Environ. Health, 34(2):69-75 
(1979). 
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TOLUENE 

..,...,.,,_ ... Antisal la; Methacidc; Metbylbenzene; Mcthylbenzol; NCl­
IDJml; Phcnylmethanc; RCRA waste number U220; Toluol; Tolu-sol; 

1:94. 

r· 

c~ 

0 
• ~ 

CHEMICAL DESIGNATIONS 

r. 

,CAS Registry Number: 108-SS-3 

~-
~~T Desi2nation: 1294 

;Empirical Formula: CrJia 
r· 
·rormula Weight: 92.14 

· R.TECS Number: XS 5250000 
; 

PHYSICAL AND CHEMICAL PROPERTIES 

: Appearance and Odor: Colorless. water-white liquid with a pleasant 

odor similar to benzene. 

Boiling Point 110.6 •c [1]. 

Henry's Law Constant: 0.0067 atm·m'fmol [2); 0.00674 atm·m'Jmol at 25 

·c [3]. 

Ionization Potential: 8.82 eV [4]. 

Log K~ 2.06 [5); ilS [6]. 

Log K~ 2.65 [Tt 2.69 [8); 2.21 [9); 2.63 [10); 2.50 [11); 2.11, 2.i3, 2.80 £12); 

2.79 [13]. 
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Toluene 

Melt in& Point: -95 ·c [1 ~ 

Solubility in Or~anics: Soluble in acetone, carbon disulfide, and ligroin: 
miscible with acetic acid, ethanol, benzene, ether, chloroform, and other 
solvents [14~ 

Solubility in Water: 515 mg/L at 20 •c [15]; 524 mg/L at 25 ·c [161 
0.05 wt% at 20 ·c (4]; 490 mg/L at 25 ·c. 0.07 vol% at 20 ·c [17]; 535 
mg/L at ~ ·c [18): 506.7 mg/L at ~ ·c. 418.5 mg/L in natura) 
seawater at ~ ·c [19): 515 at 25 ·c [20): 627 mg/L at 25 ·c [21); 530 
mg/L at 25 ·c [22): 570 mg/L at 30 ·c [23]: 724 mg/L at 0 ·c [241 
0;0368 wt% at 10 ·c. 0.0492 wt% at ~5 ·c. 0.0344 vol% at 25 ·c. 0.627 
g/L at 25 ·c. 0.057 wt% at 30 ·c [25); 724 ppm at 0 ·c. 573 ppm at 25 
·c [26]; 534.8 ppm at 25 ·c. 379.3 ppm in artificial seawater at 25 ·c 
[27]: 554.0 mg/L at 25 ·c. 402.0 mg/L in artificial seawater at 25 ·c 
[28): 0.00628 M at 25 ·c [7]: 580 ppm at 25.00 ·c [29]: 220 mg/L ill 
fresh water at- 25 ·c. 230 mg/L in salt water at 25 ·c [30); 0.0665 '\J,~ 
at 23.5 ·c [31]: 470 mg/L at 30 ·c [32]: 0~00669 Mat 25 ·c [33~ .,. 

Specific Density: 0.8669 at 20/4 ·c [1): 0.86697 at 20/4 ·c. 0.86233 u. 
25/4 ·c [34): 0.8666 at 20/4 ·c. 0.8573 at 30/4 ·c. 0.8480 at 40/4 -c 
~~ -~ 

: .· .;:4 ----...,..., ... 
Transformation Products: A mutant of Pseudomonas puzida oxidiz:d 
toluene to (+)-cis-2.3-dihydroxy-1-methylcyclohexa-1,4-diene [36~ OtbCi 
metabolites identified in the microtia} degradation of toluene incbXsC 
cis-2.3-dihydroxy-2.3-dihydrotoluene, 3-methyl catechol, benzyl alc:oGC( 
benzaldehyde, benzoic acid, and catechol [15J. In an methan~ 
aquifer material, toluene degraded completely to carbon dioxide [37l-~.:g.· 

· Vapor Density: 3.77 g/L at 25 •c, 3.18 (air • 1). 

.-;· 

·-· _, 

Vapor Pressure: 22 mm at 20 ·c. [15): 1 mm at -26.7 •c, 10 mm ~~ 
·c. 40 mm at 31.8 ·c. 100 mm at 51.9 ·c. 400 mm at 89j ·c. i60 8lli 
at 110.6 ·c [1]: 36.7 mm at 30 ·c [38~ ·-~~ 

FIRE HAZARDS 

Flash Point 4.4 ·c [4J. 

· Lower Explosive Limit (LEL): 1.3% [4J. 
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Toluene 

-~losiYt Limit (UtL): 7.1% [4~ 

HtALTH HAZARD DATA 

---· lately Dan~:erous to Life or Heallh (IDLH): 2,000 ppm [4~ 

... -a:dble Exposure Limits (PtL) in Air: 200 ppm. 300 ppm ceiling, 
ppm 10-minute peak [39); 100 ppm 10-hour time weighted average, 
PPm 10-minute ceiling [4); 100 ppm (=:375 mg/ms). 150 ppm ·(,::660 
m~ STEL [40]. 

. . 
i. ... ... 
~ed Manu[ acturers: 
~ 

. · 

MANUFACTURING 

Exxon Chemical Co . 
Houston, TX 77001 

Shell Chemical Co . 
Petrochemicals. Division 
Houston, TX i700 1 

Sun Oil Co. 
St. DavidS. PA 19087 

Uses: Manufacturing of caprolactum, saccharin, medicines, dyes, 
Derfumes, benzoic acid, trinitrotoluene (TNT), and other benzene 
derivatives; solvent for paints and coatings, gums. resins, rubber, oils, 
a?d vinyl compounds; adhesive solvent in plastic toys and model 
atrplanes; diluent and thinner for nitrocellulose lacquers; detergent 
manufacturing; aviation gasoline and high-octane blending stock; 
Preparation of toluencdiisocyanatc for polyurethane resins. 

RtFERtNCES 

1. Weast, R.~ Ed. CRC Handbook of Chemistry and Physics, 67th ed. 
(Boca Raton, Fl.: CRC Press, Inc.. 1986), 2406 p. 

2. Pankow, J.F.. and ME. Rosen. •Determination of Volatile 
Compounds in Water by Purging Directly to a Capillary Column 
with Whole Column Cryotrapping. • Environ. Sci. Techno! .. 

• 
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1.1.1-TRICHLOROETHANE 

hoayms: Acrothcnc; Acrothcnc TI; Baltana; Chlorocthcnc; Chloro-
16cEe NU; Chlorothane NU; Chlorothcnc; Chlorothcne NU; Chloro-

VG; Chlorten; Gcnklene; Inhibisol; Methyl chloroform; 
r. yltrichloromethane; NCI-C04626; RCRA w:~ste number U:26; 
;soavcnt III; a-T; 1,1,1-TCA; 1,1,1-TCE; a-Trichloroethane; Tri-ethane; 

l,"N :831. 

~ctural Formula: 
Cl H 
I I 

CI-C -C-H 
I I 

Cl H 

CHEMICAL DESIGNATIONS 

CAS Re~istry Number: 71·55-6 

· DOT Desi2nation: 2831 

!mpirica1 Formula: C:H3C13 

Formula Wei~ht: 133.40 

Rncs Number: KJ 2975000 

PHYSICAL AKD CHEI\fiCAL PROPERTIES 

Appearance and Odor: Colorless. watery liquid with an odor similar to 
chloroform. Re:1dily corrodes aluminum and aluminum alloys. 

BoilinE Point: 74.1 •c [1]. 

Henry's Law Constant: 0.018 atm·m3jmol [ZJ; 0.013 atm·m
3
Jmol [3]; 

0.0162 atm·m3/mol at :5 ·c [4]; 0.015 atm·m'Jmol at 20 ·c [5]; 0.0274 

atm·m3/mol at 37 ·c [6]. 

Ionization Potential: No data found. 

Log K~ 2.18 [3]; 2.017 [7]. 
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1,1,1-Trithloroethaae 

Loa: K_: 2.18 [8]; 2.48 [9]; 2.49 [10]; 247 [11]; 2.17 [12}. 

Mel tina: Point: -30.4 •c [1]; < -39 •c (13]; -32.62 ·c [14J. 

Solubility ia Oraaaics: Sparingly soluble in ethanol; freely soluble in 
carbon disulfide and benzene. Also soluble in ether, methanol and 
carbon tetrachloride [15}. 

Solubility ia Water: 4,400 mg/L at 20 ·c [16]; 480 mg/L at 20 ·c [17]; 
300 mg/L at~ ·c [18]; 950 mg/L at 25 ·c [2]; 0.07 wt% at 20 •c [19]; 
720 mg/L at 25 ·c [3]; 1.334 mg/L at ~ ·c [91: 730 mg/L at 20 •c [20]; 
1,550 mg/L at 20 ·c [101: 0.132 wt% at 20 ·c f21l: 1,360 ppm at 20 ·c 
£7]; 0.44 mass% at 20 ·c [221: 0.1175 ""'*' 23.5 ·c [23J. 

Specific Density: 1.3390 at 20/4 •c [Jl: 1.31 at 20/4 ·c [13]; 1.336 at 
20/4 ·c f24l: 1.37068 at 0/4 ·c. 1.34587 at 15/4 ·c. 1.3296 at 30/4 ·c 
[14}. 

Transformation Products: Microbjal degradation by sequential 
dehalogenation under laboratory conditions produced 1,1-dichloro­
ethanc. cis-1,2-dichlorocthylenc. trans-1,2-dichlorocthylenc, chloro; 
ethane. and vinyl chloride; Hydrolysis products included acetic ac:icl 
and 1,1-dichloroethylene [25J. An anaerobic species of Oostridiwa 
biotransformcd 1,1,J:.trich1oroethanc yielding 1,1-dichlorocthane, a:::-.C 
acid, and unidentified products [26}. .;;j 

-...... 
!~ 

.-·~---
Vapor Density: 5.45 g/L at 25 ·c. 4.60 (air • 1). 

. o:-_,-a 

Vapor Pressure: 37 mm at 0 ·c. 62 mm at 10 ·c. 100 mm at 20 ·c. ij 
mm at 30 ·c. 240 mm at 40 ·c. 340 mm at 50 ·c. 470 mm at 60 •t; 
660 mm at 70 ·c. 900 mm at 80 ·c [14]; 1 mm at -52.0 ·c. 10 m:i'il 
-21.9 •c. 40 mm at 1.6 ·c. 100 mm at 20.0 ·c. 400 mm at 54.6 -c__?fJ 
mm at 74.1 ·c [11: 124 mm at 25 ·c [91: 96 mm at 20 ·c f27J. _ :;.....-

FIRE HAZARDS 

Flash Point: None [28]; ~ 25 •c f29J. 

Lower Explosive Limit (LEL): 7.5% f28J. 

Upper Explosive Limit (UEL): 12.5% [28}. 
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1,1,1-Trichloroethane 

HEALTH HAZARD DATA 

.. Mdiately Dan&erous to Life or Health (IDLH): 1,000 ppm [13]. 

lsslble Exposure Limits (PEL) in Air: 350 ppm (•1,900 mg/m~ [30]; 
ppm IS-minute ceiling [19}; 350 ppm (•1.900 mg/m~ 450 ppm 

~ 450 mg/m3) STEL [31]. 

;~ .. 
MANUF ACfURING ~ r; ·.~teted Manufacturers: 

• Dow Chemical Co. 
Midland. MI 48640 

PPG Industries. Inc. 
Industrial Chemicals Division 
1 Gateway Center 
Pittsburgh. PA 15222 

Vulcan Materials Co. 
Chemicals Division 
Wichita, KS 67201 

Uses: Organic synthesis; solvent for metal cleaning of precision . ' mstruments; textile processing; aerosol propellants; pesticide. 

REFERENCES 

1. Weast. R.C.. Ed. CRC Handbook of Chemistry and Physics, 67th ed. 

(Boca Raton. FL: CRC Press. Inc.. 1986), 2406 p. 
2. Lyman.· WJ .. Reehl. W:F .. and D.H. Rosenblatt. Handbook of 

Chemical Property Estimation Methods: Environmental Behavior of 
Organic Compounds (New York: McGraw-Hill, Inc.. 1982). 

3. Schwille. F. Dense Chlorinated Solvents (Chelsea. Ml: Lewis 

Publishers. Inc .. 1988). 146 p. 
4. Hine. J .. and P .K.. Mookerjee. "The Intrinsic Hydrophilic Character 

of Organic Compounds. Correlations in Terms of Structural 
Contributions.· J. Org. Chem.. 40(3):292-298 (1975). 

5. Roberts. P.V .. and P.G. Dflnd1iker. "MaSS Transfer of Volatile 
Organic Contaminants from Aqueous Solution to the Atmosphere 
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TRICHLOROETHYLENE 

Synonyms: Acetylene trichloride; Algylen; Anamenth; Bcnzinol; 
Blacosolv; · Blancosolv; Cccolene; Chlorilen; l-Chloro-2.2-dichloro­
cthylcnc; Chlorylca; Chlorylcn; Circosolv; Crawhaspol; Densinfluat; 
1,1-Dichloro-2-chlorocthylene; Dow-tri; Dukeron; Ethinyl trichloride; 
Ethylene trichloride; Fleck-nip; Flock-nip; Fluatc; Gcmalgene; 
Gcrmalgene; Lanadin; Lethurin; Narcogen; Narkogen; Narkosoid; 
NCI-co4546; Nialk; Pcrm-a-chlor; Pcrm-a-clor; Pctzinol; Philcx.; RCRA 
waste number U228; TCE; Threthylen; Thrcthylcnc:; Trcthylene; Tri; 
Triad; Trial; Triasol; Trichloran; Trichloren; Tricbloroethene; 
1,1,2-Trichloroethenc; . 1.2,2-Trichloroethcne; 1,1,2-Trichlorocthylene; 
1,2,2-Trichlorocthylcnc; Tri-clcnc; Triclcne; Trieline; Triklonc; Trilen; 
Trilenc; Trilinc:; Trimar; Triol; Tri-plus; Tri-plus M; UN 1710; Ycstrol; 
Vitran; Wcstrosol 

Structural Formula: 

CHEMICAL DESIGNATIONS 

· CAS Registry Number: 79-0l-6 

DOT Designation: 1710 

Empirical Formula: <;HC13 

Formula Weight: 131.39 

RTECS Number: K.X 4550000 

PHYSICAL AND CHEMICAL PROPERTIES 

Appearance and Odor: Clear, colorless, watery-liquid with a 
chloroform-like odor. 

Boiling Point: 87.:; •c [1]; 86.7 ·c [2~ 

-. 
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Trichloroethylene 

Henry's Law Constant: 0.0091 atm·m3jmol {3); 0.0117 atm·m3/mol [4]; 
0.0099 atm·m3/mol at 20 •c [5); 0.0196 atm·m3jmol at 37 ·c [6). 

Ionization Potential: 9.47 cV [7]; 9.94 cV [8). 

Lo& K~ 1.81 [9); 2.10 [10]; 2.025 [11). 

! Lo& K.,.: 2.53 [12]; 2.29 [13]; 2.42 [14]; 2.60 [15); 3.24, 3.30 [16]; 2.37 [17]; 
3.03 [18). 

Meltin& Point: -73 ·c [19]; -84.8 ·c [20]; -87.1 ·c [2). 

I 
SolubiiJty in Or2anics: Soluble in acetone, ethanol, chloroform, and 
ether [21). 

Solubility in Water: 1,100 mg/L at 25 ·c [22); 1,100 mg/L at 20 ·c [23]; 
1,470 mg/L at 25 ·c [24]; 0.0104 M at 25 ·c [18]; 0.1 wt% at 20 ·c [7]; 
0.07 vol% at 20 ·c [25]; 1,080 mg/L at 20 ·c [26]; 0.137 wt% at 25 ·c 
[27]; 1,250 mg/L at 60 ·c [2). 

I 
I 
f 

Specific: Density: 1.4642 at 20/4 ·c [19]; 1.461 at 20/4 ·c [28]; 1.375 at 
100/4 ·c [2J. 

Transformation Products: Microbial degradation by sequential 
dehalogenation may produce ci.s-1,2-dichloroethylenc, rrans-1,2-
dichloroethylene, and .vinyl chloride [29). In a methanogenic aquifer, 
biodegradation produced 1,2-dichloroethylene and vinyl chloride [30). 

Vapor Density: 5.37 g/L at 25 ·c. 4.54 (air • 1). 

Vapor Pressure: 5.4 mm at -20 ·c, 10.8 mm at -10.8 ·c, 20.1 mm at 0 
·c. 35.2 mm at 10 ·c. 57.8 mm at 20 ·c. 94 mm at 30 •c, 146.8 mm at 
40 ·c, 212 mm at 50 ·c. 305.7 mm at 60 •c, 760 mm at 86.7 ·c [2]; 74 
mm at 25 ·c [31); 1 mm at -43.8 •c, 10 mm at -12.4 •c, 40 mm at 11.9 
·c. 100 mm :rt 31.4 •c, 400 mm at 67.0 •c, 760 mm at 86.7 ·c [19]; 58 
mm at 20 ·c [10]; 57.9 mm at 20 •c [4]; 100 mm at 32 ·c [32]; 53.5 mm 
at 20 ·c [26]; 26.5 mm at S •c. 56.8 mm at 20 •c, 72.6 mm at 25 •c, 
91.5 mm at 30 ·c [33]. 

FIRE HAZARDS 

Flash Point: 32.2 ·c [34]. 

..--..... 
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526 Trichloroethylene 

Lower Explosive Umit (LEL): 8% [35~ 

Upper Explosive Umit (UEL): 10.5% [35~ 

HEALTH HAZARD DATA 

Immediately Dancerous to Life or Health {JDLH): 1,000 PPm 
(carcinogen) (34~ 

Permissible Exposure Limits {PEL) in Air: 100 ppm, 200 ppm ceiling. 
300 ppm 5 minute/2-hour peak [36]; 25 ppm 1 Q-hour time weighted 
average [7]; 50 ppm (11:::270 mg/ms), 200 ppm (~1,080 mg/ms) STEL [37~ 

Selected Manufacturers: 

MANUFACfURING 

Dow Chemical Co. 
Midland, MI 48640 

E.L duPont de Nemours and Co. 
Electrochemicals Department 
Wilmington. DE 19898 

PPG Industries Inc. 
Industrial Chemicals Division 
Lake Charles, LA 70601 

>.) 

i .. 

Uses: Dry cleaning fluid; degreasing and drying metals and electronic 
pans; extraction solvent for oils, waxes, and fats; solvent for cellulose 
est~rs and ethers; removing caffeine from coffee; refrigerant and heat 
exchange liquid; fumigant; diluent in paints and adhesives; textile 
processing; aerospace operations (flushing liquid oxygen); anesthetic; 
medicine; organic synthesis. 

REFERENCES 

1. Dean. J.A., Ed., Lange's Handbook of Chemistry, 11th ed. (New York: 
McGraw-Hill, Inc., 1973), 1570 p. 

2. Standen. ~ Ed. Kirk-Dthmer Encyclopedia of Chemical Technology, 
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VINYL CHLORIDE 

=-· • yms: Chlorethene; Chlorethylenc; Chloroethene; 1-Chloroethene; 
.!oroethylenc; 1-Chloroethylene; Ethylene monochloride; 

I'Jiaooelhloroethene; Monochloroethylene; MVC: RCRA waste number 
3; Trovidur; UN 1086; VC; VCM; Vinyl C monomer; Vinyl chloride 

Suvctur:ll Formui:L: ,,.,. 
~ 

;. CH'DfiCAL DESIGNATIONS 
•· 

! CAS Re2istry Number: 75-01-4 
i 
! DOT Designation: 1086 
I 

' 
i Empirical Formula: c..H3Cl 
I • 

Formula Wei~ht: 62.50 

RTECS Number: KU 9625000 

PHYSICAL AND CHEMICAL PROPERTIES 

Appearance and Odor: Colorless liquified compressed gas with a faint. 
sweetish ·odor. 

Boiling Point: -13.4 •c [1]. 

Henry's Law Constant: 2.78 atm·m'/mol {2]; 0.012 atm·m
3
/mol [3]; 2.37 

atm·m3/mol [4]; 1.22 atm·m';mol at 10 ·c [5]; 0.056 atm·m
3
/mol at 25 •c 

{6]. 

Ionization Potential: 9.995 eV [7J. 

Lo& K~ 0.39 using method of Karickhoff and others [8]. 
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Yiayl chloride 

Lo1 K_: 0.60 [9~ 

Mellia& Poiat: -153.8 •c [l~ 

Solubility ia Oflaaics: Soluble in ethanol. carbon tetrachloride, and 
ether [10~ · 

Solubility ia Water: 1,100 mg/L at 15 •c [lll: 60 mg/L at 10 ·c [12]; 
2.700 mg/L at 25 ·c [51: 0.95 wt% at 15 ·c. 0.995 wt% at 16 ·c. 0.915 
wt% at 20.5 ·c. 0.88 wt% at 26 ·c. 0.89 wt% at 29.5 ·c. 0.94 wt% at 35 
·c. 0.89 wt% at 41 ·c. 0.88 wt% at 46.5 ·c. 0.95 wt% at 55 ·c, 0.92 
wt% at 65 •c. 0.98 wt% at 72.5 ·c. 1.00 wt% at 80 ·c. 1.12 wt% at 85 
·c [13~ 

Specific Density: 0.9106 at 20/4 ·c [ll: 0.969 at -13/4 ·c [14]; 0.94 at 
13.9/4 ·c. 0.9121 at 20/4 ·c [15~ 

Transformatioa Products: lrradation of vinyl chloride in the presence 
of nitrogen dioxide for 160 minutes produced formic_ acid. hydro::hlori: 
acid. carbon monoxide, formaldehyde, and ozone. Trace amounts of 
formyl chloride and nitric acid were also identified. In the presence or 
ozone, however, vinyl chloride photooxidizcd to carbon monoxide. 
formaldehyde, formic acid. and small amounts of hydrochloric acid 
[16~ 

Vapor Density: 2.86 g/L at 0 •c [17); 2.55 g/L at 25 ·c. 2.16 (air= 1). ·-
.. --

Vapor Pressure: 240 mm at -40 •e; 580 mm at -20 •c, 2,660 mm at iS 
·c [Ill: 2.580 mm at 20 •c [18]; 1 mm at -105.6 ·c. 10 mm at -83.7 ~ 
40 mm at -66.8 ·c. 100 mm at -53.2 ·c. 400 mm at -28.0 ·c, 760 mm at 
-13.8 ·c [11: 2.530 mm at 20 ·c [19]; 2,600 at 25 ·c [20]; 0.50 atm at -30 
•c. 0.77 atm at -20 ·c. 1.17 atm at -10 ·c. 1.70 atm at 0 ·c. 2.~3 atm u 

. 10 ·c. 3.33 atm at 20 ·c. 4.51 atm at 30 ·c. 5.94 aun at 40 ·c. 7J0 
atm at 50 ·c. 9.93 atm at 60 ·c [151: 2,320 mm at 20 ·c [21~ · •· 

FIRE HAZARDS 

Flash Poiat: -78 ·c [~ 

Lower Explosive Limit (LEL): 3.6% [7]. 

Upper Explosive Limit (UEL): 33% [~ 
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\'ioyl chloride 

HEALTH HAZARD DATA 

~lately Dan~:erous to Life or Health (IDLH): Potential human 

~ogen [7}. 

f~issible Exposure Limits (PEL) in Air: 1 ppm, S ppm IS-minute 
~fl1ng [:2]; lowest detectable limit [7]; S ppm (R~JO mg/m~ [19]. 

~--.. 
·- MANUFACTURING 

Sdected Manufacturer: 

Dow Chemical Co. 
Midland, MI 48640 

Uses: :Manufacturing -of polyvinyl chloride and copolymers; adhesives 
for plastics; refrigerant; extraction solvent; organic synthesis. 

REFERENCES 

1. Weast, R.C.. Ed. CRC Handbook of Chemistry and Physics, 67th ed. 
(Boca Raton, FL: CRC Press, Inc.. 1986), 2406 p. 

l Gossett, J.M "Measurement of He~ry's Law Constants for C1 and 
C2 Chlorinated Hydrocarbons," Environ. Sci. Techno/., 21(2):102-208. 
(1987) . .. 

.). Pankow, J.F., and ME. Rosen. "Determination of Volatile 
Compounds in Water by Purging Directly to a Capillary Column 
with Whole Column Cryotrapping," Environ. Sci. Techno[., 
22(4):398-405 (1988). 

4. Jury, W.A., Spencer, W.F., and WJ. Fanner. "Behavior Assessment 
Model for Trace Organics in Soil: ilL Application of Screening 
Model; J. Environ. Qual., 13(4y.S73-579 (1984). 

5. Dilling. WL "'nterphase Transfer Processes. IL Evaporation Rates 
of Chloro Methanes, Ethanes, Ethylenes, Propanes, and Propylenes 
from Dilute Aqueous Solutions. Comparisons with Theoretical 
Predictions," Environ. Sci. Techno/., l 1(4):405-409 (1977). 

6. Hinc, J., and P .K. Mookerjec. "The Intrinsic Hydrophilic Character 
of Organic Compounds. Correlations in Terms of StructUral 
Contributions," J. Org. Chem., 40(3)".292-298 (1975). 

7. "NIOSH Pocket Guide to Chemical Hazards," US. Department of 
Health and Human Services, US. Government Printing Office 
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o-XYLENE 

[

yms: 1,2-Dimethylbenzene: ~Dimethylbenzene; ~Mcthyltoluene; 
307; 1.2-Xylene: ortho-Xylene: ~Xylol . 
ur:al Formula: 

' f O
c~ c~ 

I 

CHEMICAL DESlGNA TlONS 

. DOT Desiina tion: 1307 

! !mpiric:al Formula: C8H10 

1 
1 Formula Weiibt: 106.17 
I 

f Rn:cs Number: ZE 2450000 

PHYSICAL AND CHEMICAL PROPERTIES 

~ Appearance: Clear, colorless liquid. 

Bailin& Point: 144.4 ·c [1]: 143-144 ·c [2~ 

Henry's Law Constant: 0.00527 atm·m3 /mol [3]: 0.0050 atm·m
3 
/mol [4]: 

0.00535 atm·m~ /mol at 25 ·c [5~ 

Ionization Potential: 8.56 eV [6~ 

Lo& Koe 2.11 [7]. 

Lo& Ko-= 2.95 [8]: 3.13 [9]; 2.77 [10]; 3.16 [11]: 3.08 [12~ . 

Meltin& Point: -25.2 ·c [1]. 

. Solubility in Or&anic:s: Soluble in acetone, ethanol, benzene, and ether 

[I~ 
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o-Xylene 

Solubility in Water: 152 m&/L at 20 •c [13); 200 m&IL [8); 204 mg/L at 
25 ·c [14); 175 m&/L at 2S ·c [3); 0.0020& Mat zs ·c (9]; 142 m&/L at 
0 ·~ 167 mg/L at 2S ·c (15); 142 ppm at 0 ·c. 213 ppm at 25 ·c (161; 
170.5 ppm at 25. •c. 129.6 ppm in artificial seawater at :s ·c [17); 176.2 
m&/L at 2S ·c (181; 1,742 mmols/L at 20 ·c [12~ 

Specific Density: 0.8802 at 20/4 ·c [1); 0.88011 at 20/4 ·c [19); 0.87596 

at 25/4 ·c [20~ 

Transformation Products: No data found. 

Vapor Density: 4.34 &fLat 25 ·c. 3.66 (air • 1). 

Vapor Pressure: 1 mm at -9.8 ·~ 10 mm at 25.9 ·c. 40 mm at 52.8 ·c. 
100 mm at 74.1 •c; 400 mm at 113.8 ·c; 760 mm at 136.2 ·c [11; 6.6 

mm at 2S ·c [3~ 

FIRE HAZARDS 

Flash Point: 17 ·c [21]; 46.1 ·c (open cup} [22i 

Lower Explosive Limit (LEL): 1% [6~ 

Upper Explosive Limit (UEL): 6% [6~ 

HEALTH HAZARD DATA 

Immediately Dangerous to Life or Health (IDLH): 1,000 ppm (isomeric 

mixture) [6~ 

Permissible Exposure Limits (PEL} in Air: For total xylenes (containin& 
ortho, meta and para isomers} • 100 ppm (RI435 mg/m

3
) (23]; 100 ppm_ 

150 ppm (~55 mg/m3
) STEL [24~ 

Selected Manu! acturers: 

MANUFACTURING 

ARCO Chemical Co. 
260 South Broad St. 
Philadelphia, P A 191 01 
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Cities Services Co~ Inc. 
~.·· Petrochemicals Division 

60 Wall SL 
New York. NY 10005 

Shell Chemical Co. 
Petrochemicals Division 
Housto~ TX 77001 

o-Xyleae 

Uses: Preparation of phthalic acid, phthalic anhydride, tcrephthalic 
acid. isophthalic acid; solvent for alkyd resin~ lacquers. enamels. 

. rubber cements; manufacturing of dyes. pharmaceuticals. and 

insecticides; motor fuels. 
• 

REFERENCES 

1. Weast. R.C .. Ed. CRC Handbook of Chemistry and Physics, 67th ed. 

(Boca Rato~ FL: CRC Press. Inc.. 1986). 2406 p. 
2. Fluka Cazalog 1988/89 - Chemika-Biochemika (Ronkonkoma, NY: 

Fluka Chemical Corp .. 1988), 1536 p. 
3. Mackay, D.. and A.W. Wolkoff. "Rate of Evaporation of 

Low-SolubilitY Contaminants from ·-.Water Bodies to Atmosphere: 

Environ. Sci. Technol~ 7(7):611-614 (1973). 
4. Pankow, J.F .. . and M.E. Rosen. "Determination of Volatile 

Compounds in Water by Purging Directly to a Capillary Column 
with W'hole Column Cryotrapping." Em·iron. Sci. Techno! .. 

22( 4):398-405 ( 1988). 
5. Hine. J .. and P.K. Mookerjec. "The Intrinsic Hydrophilic Character 

of Organic Compounds. Correlations in Terms of Structural 

Contributions." J. Org. Chem.. 40(3):292-298 (1975). 
6. "NIOSH Pocket Guide to Chemical Hazards." U.S. Department of 

Health and Human Services. U.S. Government Printing Office 

(1987). 241 p. 7. Abdul. s.A.. Gibson, T.L.. and D.N. Rai. "Statistical Correlations for 
Predicting the Partition Coefficient for Nonpolar Organic 
Contaminants Between Aquifer Organic Carbon and Water: Haz. 

Waste Haz. Mater .. 4(3)".211-222 (1987). 
8. lsnard, S.. and S. Lambert. "Estimating Bioconcentration Factors 

from Octanol-Water Partition Coefficient and Aqueous Solubility," 

Chemosphere, 17(1)".21-34 (1988). 
9. Tewari. Y .B .. Miller. M.M.. Wasik. S.P .. and D.E. M:lrtirc. "Aqueous 

Solubility and OctanolfWater Partition Coefficient of Organic 
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m-XYLENE 

Synonyms: 1,3-Dimcthylben:zenc; m-Dimcthylben:zenc; m-Mcthyl-

tolucne; UN 1307; 1,3-Xylcnc; m-Xylol. 

Structural Formula: 

O
c~ 

c~ 

CHEMICAL DESIGN A TlONS 

CAS Re~istry Number: 108-38-3 

DOT Desis:nation: l 307 

Empirical Formula: C8H 10 

Formula Weight: 106.17 

RTECS Number: ZE 2275000 

PHYSICAL AND CHI:MlCAL PROPERTIES 

Appearance and Odor: Clear, colorless, watery liquid with a sweet odor. 

Boiling Point: 139.1 ·c [l]; 137-138 ·c [2]. 

Henry's Law Constant: 0.0070 atm·m3 jmol [3]; 0.0063 atm·m
3 
/mol at ~ 

·cr4J. 
Ionization Potential: 8.58 eV [5]. 

Lo~ Ked 3.20 [6]. 

Log K~ 3.20 [7]. 

Melting Point: -47.9 ·c [1]. 

Solubility in Organics: Soluble in acetone, ethanol, benzene, and ether 

[I]. 
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m-Xylne 

Solubility in Water: 158 mg/L [8]; 173 mg/L at ZS ·c (9]; 0.00151 M at 
25 ·c [10]; 0.0146 .wt% at 25 ·c [11]; 196 ppm at o ·c. 162 ppm at :s 
-c [12]; 146.0 ppm at 2S ·c. 106.0 ppm in anificial seawater at :5 ·c 

· (13t 157.0 mg/L at 25 ·c [14]; 1,525 mmols/L at 20 ·c [15]; 170 ppm at 

· :s ·c [16~ 
Specific: Density: 0.8642 at 20/4 ·c [JJ; 0.8684 at 25/4 ·c [17]; 0.86407 

3t 20/4 ·c. 0.85979 at 25/4 ·c [18~ 

Transformation products: Microbial degradation produced 3-methyl· 
benzyl alcohol. 3-methylbenzaldehyde, m-to1uic acid. . and 3-methy1 

C3techol [19~ 

Vapor Density: 4.34 g/L at 25 ·c. 3.66 (air • 1). 

Vapor Pressure: 1 mm at -6.9 ·c. 10 mm at 28.3 ·c. 40 mm at 55.3 ·c. 
100 mm at 76.8 ·c; 400 mm at 116.7 •c; 760 mm at 139.1 ·c; [1]; 8.287 

· at 25 ·c [20]; 15.2 at 35 ·c [21~ 
FIRE HAZARDS 

Flash Point: 25 ·c [~ 

Lower Explosive Limit (LEL): 1.1% [~ 

Upper Explosive Limit (UEL): 7% [5J. 

HEALTH HAZARD DATA 

Immediately Dangerous to Life or Health (IDLH): 1,000 ppm (isomeric 

mixture) [5~ 

Permissible Exposure Limits (PEL) in Air: For total xylenes (containing 
ortho. mefa and para isomers) • 100 ppm (Rf435 mg/m'l [22]; 100 ppm. 

150 ppm (=:655 mg/m'l STEL [23J. 

Selected Manufacturers: 

MANUFACTURING 

ARCO Chemical Co. 
260 South Broad St. 
Philadelphia. P A 19101 
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m-Xyleat 

Chevron Chemical Co. 
Industrial Chemicals Division 
200 Bush St 
San Francisco, CA 94120 

Fallek Chemical Corp. 
460 Park A vc. 
New Yor~ NY 100:2 

Uses: Solvent; intermediate for dyes and organic synthesis; insecticides; 
aviation fueL 

REFERENCES 

1. Weast, R.C., Ed. CRC Handbook of Chemistry and Physics, 67th ed. 
(Boca Raton, FL: CRC Press. Inc.. 1986), 2406 p. 

2. Fluktz Catalog 1988/89 - Chemiktz-Biochemika (Ronkonkoma, l\'Y: 
Fluka Chemical Corp., 1988). 1536 p. 

3. Pankow, J.F., and ME. Rosen. "Determination of Volatile 
Compounds in Water by Purging Directly to a Capillary Column 
with Whole Column Cryotrapping. • Em•iron. Sci. Techno!., 
22(4):398-405 (1988). 

4. Hinc, J., and P .K. Mookerjec. "The Intrinsic Hydrophilic Character 
of Organic Compounds. Correlations in Terms of Structural 
Contributions," J. Org. Chem., 40(3):292-298 (1975). 

5. "NIOSH Pocket Guide to Chemical Hazards," US. Department of 
Health and Human Services, U.S. GOvernment Printing Office 
(1987), 241 p. 

6. Abdul. S.A., Gibson, T.L., and D.N. Rai, ~Statistical Correlations for 
Predicting the Partition Coefficient for· Nonpolar Organi: 
Contaminants Between Aquifer Organic Carbon and Water," He.;. 
Waste Haz. Mater., 4(3):211-222 (1987). 

7. -Leo, A., Hans:h, C.. and D. Elkins. "Partition Coefficients and 
Their Uses.," Chern. Rel•., 71(6):525-616 (1971). 

8. Isnard, s.. and S. Lambert "Estimating Bioconcentration Factors 
from Octanol-Water Partition Coefficient and Aqueous Solubility.~ 
Chemosphere, 17(1)'.21-34 (1988). .. 

9. Andrews. W., and R.M. Keefer. "Cation Complexes of CompoUDds 
Containing Carbon-Carbon Double Bonds. IV. The ArgentatioD c( 
Aromatic Hydrocarbons,• J. Am. Chern. Soc., 7l(ll):3644-3647 (194~ 

10. Tewafi. Y.B., Miller, MM., Wasi~ s.P .. and D.E. Martire. "Aq~ 
Solubility and Octanol/Water Partition Coefficient of OrpJUc 
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Corrosion and Leaking 
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Monitoring Well Installation 

Photoionization Detector 
(uses in excavation to 
determine volatile concen­
trations) 
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Bldg looking East. 

Monitoring Well behind mixin~ 
Bldg. looking West 
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APPENDIX E 

BORING LOGS, MONITORING YELL DIAGRAMS 



1----------------------~ 

I Boring No R- 1 

~a:.do i pn & Assoc1ates F1eld Bormg Log 

Date 10- 1 ?-~o 

•~ Geologist E Slon~k~r Drilling Contractor Whi1D~Y 8, Assoc Driller Tim Fehl 
Seepage 

·_w_at_e_r:_. D_e_P_th_E_nc_o_u_n_te_;_ed_-_-:_-:, __ D_ep_t_h_a_t_c_o_m_P_le_t_io_n ___ -_-:_ __ ro_t_a_l_D_eo_t_h_o_f_B_o_r_m_g ___ , :_=:5_·-----=------1 

Project Name Sheller Globe Location Kenkl!k Iowa Job . N~ 1-0003-00~-01 

• 
II 
II 

I ­

I 
II 
II 
I 
II 
I 
I 
IJ 

Sample Sample Sample Blows HNU 
Number Interval Method <oom) Depth De script ion Symbol 

0-2 auger 

2-4 55 

4-6 55 

6-8 55 

8-10 55 

10-12 55 

12-14 55 

14-16 55 

. 

Black and Gray Asphalt over gravel base -
-- - - - - - - - - - - - - - ~ - -

Black and gray silty clay fill with little sand, - . gravel,brlck frags, and rubber 

-r- - - - - - - - - - - - - - ~ - -

5 
_ Black and gray silty clay fill w1th little sand,gravel 

,brick and concrete fragments. • 
-~ - - - - - - - - - - - - - ,.. - -
_ uooer 6" as above soil below till . Srowmsh green 

silty clay with common. Fe Concreations, dark gray 
- clay coats along Ped faces & fractures,little sand 
~ - - - ~ - - - - - - - - - ·f- - -

- Same fill soil as above, coarse black sandy silt belo~ 

10 -~sl!£>ng_od_2!', ~ufll!an.!_br.!.fk .rraQ§; _ _ _ _ .... __ 

_ Greenish brown silty clay with common sand, bricks 
and concr.ete frags. 
-~-------------~--Uoper 4" 1s fill as before, orown & gray Slity clay 
- till with abundant sand & gravel, strong Pedogenic 
- ~ve)op~en,S_light gray cla~co~s ~ong ___ f-. __ 

15- Till as above 

-

-
-

20-

-
-
-
-

25-

-
-
-
-

30-

~I 



l ~andol::m & t-.ssoc1ates ~1eld Bormg :..og 

I Boring No. B-2 Date 1 0-1 2-89 

Project Name Sheller Glooe Location Keokuk, Iowa Joo. No. 1-0993-oo.a-o 1 

. E. Sloneker . Driller Tim Fehl 

\\'ater: Depth Encountered__ Depth at Completion __ 16' Total Depth of Boring .....;;... __ 

I 
Samole Sample 

l Number Interval I O-S 

Sample Blows HNU 
Method (ppm) Depth Descript 10n 

auger Brownish green silty clay with abudant sand, 
- gravel,abundant wood, slag, metal pellets 

-
-
-

Symbol 

s-r-- - -
as above 

- - - - - - - - - - - ·1- - -

I 
I 
I 

I 
I 
I 
I 

5-7 55 

7-10 Auger 

10-12 ss 

12-14 55 

i 4-15 ss 

-
:~ 

-
-r-- - - - - - - - - - - - - - -1-
- Black silty clay fill with abundant sand, gravel, 

wood, ect. 
-

10 _t-- - - - - - - - - - - - - - ·1- - -
Black to orow1sh green, as above 

-
-~ - - - - - - - - - - - - - -f. 

Brownish green to black silty clay fill with abundant 
-concrete , sand and gravel. 
-- - - - - - - - - - - - - - ·f-

Black till to 15',blue silty clay till below 
15-

-

-
-

20-

-
-
-
-

25-

-
-
-
-

30-

~I 



~~------------------------------~ 
I B-3 

Boring No. 

Ran::lolpn & t..ssoc1ates Field Bormg Log 

I Project NameShelier Glooe 

· GeologistAl Green Drilling ContractorW_h_it_n_ey ___ _ 

Local ion Keokuk, Iowa 

Date 1 0-12-89 

1-0993-004-01 Job. No. _____________ _ 

Driller Tim Fehl 

I 16' 
~-w_a_t_e_r:_D_e_o_th_E_nc_o_u_n_te_r_e_d::-_-_-___ D_e_P_t_h_a_t_c_o_m_P_l e_t_i o_n_ -_-:_-:, __ T_o_t_a l_D_e_o_t_h_o_f_B_o_r_m_g __ --_-_-:_-:, ____ --l 

I Samole Sample Sample Blows HNU Symbol 
Numoer Interval Method (ppm) Depth Description 

.· 1---+--.---+:-~~~-------+----l 
1 1-4' Auger 

I 
I 
I 
I 
I . 
I 
I ,, 
I 
I 
I 

-:I 

:I 
:I 

2 

3 

4 

5 

6 

4-6 55 

6-8 55 

8-10 
55 

10-12 55 
225 

12-14 ss 

14-15 

Gray silty gravel fill, poorly sorted sandy, 
- irregular materials, slight odor. 

-
-
---------------~--Sample core not recovered. Dark black silty clay 

5- fill, irregular gravel clasts.slight odor. 

------------------Same as above few clasts, lighter color strong odor 
--- - - - - - - - - - - - - - - - -

Uncompacted layer. Gray silt clay fill, gravel clasts 
- strong odor, oxidized. 

10 -t- - - - - - - - - - - - - - - - -
Same as above, gravel-debris at 11.5' water seepage 

- ,strong Qdor present 

-t- - - - - - - - - - - - - - - - -
unrecovered core. wet,strong odor -

-r-- ..:... - - - - - - - - - - - - -- -:-- -
Gray-olue Till . Well filling with free ;:>;-oduct. 

15-

-

-
-

20-

-
-
-
-

25-

-
-
-
-

30-

= -· ? ~~ 



1~------~-- ----------------~----~ 
Randolph & Associates Field Boring Log 

:I 
{ ' 

-·· 

tl 
,, 

Boring No B-4 

Project Name Sheller Globe Location Keokuk, Iowa 

Geologist Al Green Drilling Contractor_W_h_i_tn_e..:.y ___ _ 

Date 1 0- 1 3-89 

1-0993-004-01 
Job. No. --------

Driller __ T_im_F_eh_l_,;.___ 

15.5' 
\1~-w_a_t_er_:_D_e_P_th __ E_nc_o_u_n_te_r_e_d:-~_-_____ D_e_P_t_h_a_t_c_o_m_P_le_t_io_n ______ ~ ___ r_o_ta_l_D_e_P_t_h_o_f_B_o_rl_n_g __________ -: ________ ~ 

Sample Sample Sample Blows HNU )JI
1 
__ N_u_~_~_e_~r'-~-~:-~--a_l~M_e~t~~~od~---- ~~~~<o~o~m~)~D_e_o_t_h~----------D_e_s_cr_i_o_ti_o_n __________________ -4_s_y_m_b_o~l 

•.. 1 Auger - Black to gray silt fill, slight odor, gravels, debris. 

~I 
! \ 

.·I : 1,;.t 

... 

-I 
·-1 
·-I 
-I 
I 
I .. ., 
I 
~I 

I 
:I 
I 
' l 

2 4-6 ss 
• 

3 6-8 ' 55 

8-10 ss 

5 
10-12 55 

6 12-14 55 

7 i ~. 5- 5.5 55 

-
-
- - - - - - - - - - - - - - - ·- - -

5
_ Blue-gray silt clay fill, gravel, red br1ck debris, 

moist, strong odor . 
-~ - - - - - - - - - - - - - ~ - -
-Same toT then 6" layer black silty gravel fill, wet 

:;,trong odor at 7.5 blue-gray silty clay fill matehal 
- 11oist, strona odor, oxidized, aravel clasts 
- Blue-gray stlt clay fill, concrete debris, some wet 

1 0 - layers, strong odor. 

_ Blue-gray stlty ti.ll, wet, poorly sorted 1rregular 
gravel clasts, strong odor. Slightly oxidized 

-~----~'-----------------------------~------+ _ Same as above. Biue-gray Ti ll at i 4' Strong odor. 

------------------15 _ Brown-blue till, large clasts which are blue-gray 
in col or, moist, strong odor. 

-
- . 
-
-

20-

-
-
-
-

25-

-
-
-
-

30-

: .. ;~ 
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Tli.f :-o .. ! 
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•t•·, 
:"E : .• 1H · 

•E•":'•tS ....... ·~·5 
,.,~,.! :••o" 

c ::--. 5'A : .. flO.. 
w"J( :l IICA 110"$ 

T. Fehl 
I ~lST ALLEil P Y 

V/HITNEY & ASSOCIATES 
•coa•CMATIO 

. 2•01 Wttt Nebraaka AY.nu• 

PEORIA. ILLINOIS 61604 

,,_,c,.a .. ~srs.,., 
so•Ls . P()&'!"....-ND crv1.., ! :cwc"f";'l 

STU• • 81fUMIH0U5 ::O .. CIIl'l 
:.:JNSr•UCTtO ...... ,, •••:..s 

•GGAtG•Tls ... , .... ~,. ~z-o-••c 

101\.S AIC) (Oa&Yal. SUtWI"S 
IOAT(atALS OUALIT'O CONYI'~ 

500\. W(C,.&HICS &NO 
'0UN0ATION IIIOGNOII••NO 

D"'UJJIO • coa•ooeo • TIS1JNG 

.... 10-12-89 
··= ~ . . · ..... ~ "· .· ··'""~;, ;_-.-.-11-A_T_£ ___ .. , .. . 

. ·' . 
TYPI~AL MONITORING WELL DIAGRAM 

FnOJECT Scheller Globe Corporation 
LO';~ T 1•.1!1 Keokuk. I ow a 
l':O!llTO~ 1 14G WELL LOCATIOn 

P- E~lC!! r.IIF.. ~ 

0.0 

DEPTH ELEVATION 

(-) 1.0' 

(-) 3.6' 

(-) 4.5' 
(-) 5.0' 

SILICA SAI."'D 
~ 
F!LTER !'lED!.\ 

(-)15.0' 
(-)15.0' 

nOfiiTORIHG WELL. UO. MW-1 
xKsTAt.t.ATioH DATE Io-12-89 

FLUSH ~OUNT PETROI-EUa CAP 

CClSTIHG GROUND SURFACE · . 
CONCR.ETE SE:J...L. 

- ... 

I.D. PVC . 
FLUSH JOI~T Rl~ER 

PVC SLOTTED WELL 
SCREDl <0.010"> 

BOTTO~ OF 10 • 
BORE HOU: 

WHITNEY & ASSOCIATES 
lfi(OIUA, II.UNOII 
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T(~["'"'OH( 

lt'9 1\~l·Z'll 

'I ~·s 
DIS•G>O 

•t•O•!S 
AN.al,.•$1$ 

.. SI'ICTIOH 
COOoSUI. T a TIC)oo 
.. vU: IG•UIQOol 

T. Fehl 
HlST~.LL£1.1 PY 

.. · .. - ..... 

WHITNEY & ASSOCIATES 
•eo••O¥Y1D 

2401 WHt H•br .. h Aw.nu• 

PEORIA. ILLINOIS 61604 

. . . ... 

l'fCJ.II&.IS~S •• 

sc•t.S . •oa~~...Nc Cl..,,.,., co ... c•f-l 
ST(f.L . IIIUUINO'JS ':ONCIII'l 
COHS~AUCYIO" ua:t•••~S 

&GO"'l~fiS • as•""'• T ·IIOZ ·O.••e 

101~5 &NO c;aava~ SUIIVfU 
... T(AIALS OUALIT\' COH"'O\. 

SOIL .,,c .. •..,es .... o 
•GuNO&fi()H IIIOGOHU•oNC 
O•~LtHG • C;>tNIOG • T(STIHG 

10-12-89 
l:~TE 

TYPICAL MONITORING WELL DJAGR~M 

FROJECT Scheller Globe Corporation 
LO•;;. T lOU Keokuk Iowa 
t!Oil!TOI\liiG WELL LOCATION 

BEliCH r.ARY. 

~~ 

0.0 

DEPTH ELEVATION 

(-) 1.1' 

(-) 5.0' 

(-) 6.0' 
(-) 6.J' 

SILIC:A.. SAND 

F"!LTER ft£DIA 

(-)16.5' 
(-)16.5' 

non I TOR IflG .,.E:LL 110. l-1W- 2 
lf\STALLATI!JN (ll, TE: 10-l2 -89 

f"l.USH I'!OUMT PE'iROU:UI'! CAP 

r.oaa:N:; MJNI10RIN; WEIL en 

£XlS7ING GROUHD SURFACE 

PVC CSL:J77ED w::U. 
SCP.EDI <O.OlC"> 

BOT'i0!'1 0~ 10 • 
BOR£ HOU:: 

WHITNEY & ASSOCIA 'iES 
.,10"1&. ILLINOIS 
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Tllf•"'ONI 
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ru•s 
OU·GN .. .,.,, 

&N .. lYSIS 

""S'IC~ION 
C:OOoSoA r .a uooo 
.... u:o~rooo.os 

T. Feh1 
1 ~lSi All£0 P 'I 

S"fCIALISYS ,. 

\VHJTNEY & ASSOCIATES 
SO•lS • O'()IITUINO Cl"f"T Ct'HCIIIIETE 

STI!~ . DIT\ .... INOV$ COotCitt'l 
CONS~IIIUCTIC)oo OUTEIIIIALS 

&GGIIIGA TIS • ASD-LT • I'OZ-~AC .. COIIIO'OUTaD 

2COfi Wnt Nebruka Aunu• 
SOO\.S .&NO GIII.&VIL SLI'W! "S 

lli•TlltiALS OU•lll'f CONTIIIQ. 
$OIL "ECM•OUCS •NO 

•ouooo.attON INGtNillt•NG 
DI'IUING • COOONOG • tiiT.otG 

PEORIA, ILLINOIS 61604 

.. ..... ~:-· 10-13-89 
' .,~: ·. :<.·=-~~:~ ~.-:' ~--- -~·-: · lJAT£ ·· 

"'' · ":" .. ... ·· . .. . 
. . :' . . . ·• . .. - ~: -~- . .'. . . .. 

. -- ~ :.:·.: 

TYP I C~L MUt·ll TOR I NG '-JELL D I ~-G~~~\:~~>-- >.-. -:--· ... · . . .. . • 

f ~OJ ::cr --T,S;.::c~hT.e~lT.1~e~r7G~l~o~b~e:.....:C~o~rp:.l:!.~o.::.r.5!a~t:.:!:i~o::!.n!....-___ norn TOR I nG _,ELL. NO. MW- 3 
LO•:Ailut~ Keokuk, Iowa INSTALLATION DATE 10-13-89 
r.~ti!7CF\! IIG WEL!.. LOCA TIOf( 

0.0 

DEPTH ELEVATION 

(-) 1.2' 

(-) 3.5' 

(-) 4.4' 
(-) 5.0' 

Sll..ICA SAND 

r:t.TE?. r.£DIA 

(:-)15.0' 
(-)15.0' 

• 

.-

... -- . 
FLU$H ~OUHT PETROLEU~ CAP 

EXISii~G GROU~D SURFACE 
CONCRETE SE:Al. · 

4 • I.D. PVC 
FLUSH JOINT RISER 

PVC SLOTTED ~ELL 
SCREDl <O.O.tC•) 

BOTTO~ OF 10 • 
BOP.E HOLE 

I .; PEJJC!I MJ\fit: 
.; 

-.1 
WHITNEY & ASSOCIAT~S 

"I.Oill •• ILUNOII 
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~I 
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TE•£".,0'"£ 
~ ~:J-Z'~' 

TH"S 
t'l 5·G" 

at•!)II!S 
..... " 'P$15 

IN!•I :~1(\llt 
CCWSVL •• ncoo 

.. ..vlShGAti()HS 

T Febl 

\VHITNEY & ASSOCIATES 

240f W•st N•braskl A•.nue 

PEORIA. ILLINOIS 6,604 

s•f'CJAUST'S lfltt 

so·~s . •oa•v"c ""'"' e:-.. c•t:~r 
STUL · .,..,.,,.,OVS C::>o<Ca(Y( 

cooosTaUCTIOOO ... rr•••1.S 
•GGI"t G• rts . •s•-~ T . II'OZ·o.••c 

500\.S .&NO Gaavt~ 1UIOV'f"'S 
...... ••-s ')UAun co-••~ 

5001. .. ~!:"'"'"'cs •NO 
fOUNO.&IoOOO IOIGMOU•OOOG 
~. CQIOOIOG • YlSToNQ 

__ . 10-13-89 
UISTALL£D BY · · -..... . "~ , : .. :·.·. ·• · .-.~. ·:· ~ :-:·.~~~~:::-.;:t:, _·:·: DATE 

TYP 1 C~L MONITOR 1 NG ~JELL DIAGRAM·:. ~ : ·'· . .- . <··;, . ~.-. 

PROJECT Scheller Globe Corporation 
to•;.H lOt~ -Keokuk, Iowa 
MOUITORlNG WELL LOCATIOK 

.BE!ICH r.Afi!-: 

0.0 

DEPTH 

(-) 0 9' 

(-) 3.5' 

(-) 4.4' 
( _.) c; 0 I 

ELEVATION 

SILIC.-\ SAND 

FILTER f'IEDIA 

(-)15,0' 
(-lli...Q~ 

f'IOfl I 70R I NG WELL NO. · MW- 4 
IKSTALLATI09 DATE 10-13-89 

P£TROL.£Ul'1 

... · 
£X1S7l~G GROUND SURFACt 

·, 

l.D. PVC 
FLUSH J~!XT RISER 

P~C ~LCT7ED ~ELL 

SCEE:::N <0.010 ' > 

BOTTOl'1 OF 10 • 
BORE HOL£ 

WHITNEY & ASSOCIATES 
•CORIA. ILU~~tOII 

·. 


